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Rorar Avapey of Sereners at Poris 
N the Year, Mie. 


> 0¹ ce on fy variation of the a2. 
with regard to Dr. Halley' chart: toge- 
tber . ſome | geographical remarks made 
from N el 25 M. Deliſle “; tran: 


E Aiber = AR „„ to me 8 
H - ſeveral journals of pilats, who ſteered ſhips 
from France to Næmfaundland, and the pn 
ican iſlands, I extracted, from them what appeared 
5 moſt advantage to navigation and geography 
and having the uſe like wiſe of two other journals, 
one of them kept by M. Hebert, his majeſty's en- 
voy to the Indies, and the other by M. Bigot de 
la Cante, ſecond lieutenant on board the king's 
- ſhip the Sphere, to the coaſts of Guinea and river 
de ls Plata, I have thought proper to join all 
the obſervations together made in thoſe ſeveral 
voyages, becauſe all made nearly in the fame 
time, viz. in the years ws 170%, 476. yet 
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The obſervations of the variation of the needle 
Are of late become ſo efſentiat to mavigation, that 
the pilots take afl oecafions df mak ing them; in 
effect, they cannot know the rumb in which 
they fail, without firſt obſerving the variation; 

3 and when the weather will not allow them to 
i _ - obſerve it, they are obliged to compute it from 
| the obſervations of other navigators about the 
i ſame places. They even begin to make uſe of it 
for correcting their reckoning, and finding, in 
ſome meaſure, the longitude, when, either by 
themſelves, or others, they know the variation 
which ſhould be found in ſuch and ſuch places. 
Thus M. Daumas, firſt pilot of the St. Louis, diſ- 
covered hereby, that he was Paſſing the line more 
weltward thin his reckonir gave him, and in 
the latitude of the iſland Cape Veru, he perceived 
by the variation, that he was 30 leagues more 
weſtward than by his reckoning. He adds, that 
upon approaching the iſland of Bourbon, in the 
ndian ſea, finding the variation to be 21. 
örth- welt, che learned hereby, that he was to 
the weſtward of that line, when his "redkoring 
could not tell him ſo much. | 
It would be needleſs here to relate the von- 
Patel variations, our knowledge on [this head is 

much too ſcanty to make a juſt cempmation; 1 

*fhall here therefore confine myſelf to fuch as have 

actually been obſerved, "among Which I ſhall 

always prefer thoſe obſervetl by the amplitadesito | 

"thoſe by the azimuth ; the former "ppearing 
ſurer, and'lefs fubjett to error. 

<< The longitudes I make Wo burden om 
the pike of Tuer according toi the charts bf 

Pieter e which are thoſe commonly afed by 
our late navigators, for qſetting: off their courſe. 
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1 120 leagues from the coaſis of France, a, 
44% latitude, one of | the pilots, in the- 
year 170g, found the variation 8 north 
weſt by the fup's amplitude; and M. Davmes, 
in the ſame place a little before, found is. the. 
ſame, - Dr. Halleys chart, makes it 6. 
e 37 ne — itude, and 11 l 
Se —— he found the variation (4. 
| where Dr. Halley makes it 6%. 
At 45 %——20'-——latitude, and 3589 or 
15 —longitude, he found the variation 11 1 
where Dr. Halley only makes it 9. 
Another pilot, ſetting out * Roche! 15 the 
| Cape Verd iſlands in 1708, found at 3 59x35 
latitude, and on tha mrridian of  Texeryf,, the 
| variation 0 be 8 by the veſter 
Ps Mu” Dr. vr” makes it enn 
At 27%—— g8—— latitude, and 393% — 
40⁰ — i oe found the variation 4%+ | 
32— where Dr. Halley makes it 210 
At 36% lat. and 32% 4b lang. 
he cmd the variation 5% —————— where | 
Dr. Halley makes it 3 a, 3 
Another pilot at 4 eee laricude, 
and 230 leagues —.— from Rochel, found the 
variation in 1709, to be 7960. where Nx. 
Halle makes it 7-30 — 
Soon after at 260 leagues from Rachel, and 
47%—atitude, he found the variation ee 
where Dr. Halley likewiſe makes it . 
r df 33? 5 hat. and 8 i 
long. he found the variation 6 hate 


Dr. Halley only makes it 3•— — . 

The firſt pilot of the Marianne at 43 —46.— 
lat. and 34046. long. found the Va- 
riation in 1709, to be 13. where Dr. Ka- 
2 l makes it 8. 


1 Au 5 


4 The HisTory and MN OIRS ef the 


All theſe obſervations were made on this ſide 
the line of no variation, ſuppoſing them exact, 
the variations muſt have increaſed on this ſide che 
line, ſince the time of Dr. Halley's chart; 3 but les 
in one place than another.. LY 

M. Bigot de la Cante, in a voyage to the river! 
de la Plata in 1707, found at 449% —4 5'-—lat. 
and 52 leagues diſtance from Cape Finiſterre, the 
variation to be 75%——20'——north-weſt, where 
Dr. Halley only makes it 6˙‚—— 15; and the 
ſame variation he found in the 4 2 days, 
during which he made 60 leagues -weſt- 
wards. In Dr. Halley's 2 it ĩs 1 6 all 
along this line. 

At 7—1 „ht. and 8 
long. he found the variation r where 
Dr. Halley only makes it 50 — 

In the road of Judda, on the Guinea coaſt, 
he found the variation in 1708, 8. — 20. M. 
Des Marchatis, in 1708, found it 8“ —. In the 
ſame place, Dr. Halley only makes it 5. —— 
In the eaſtern part of the iſland of San-Thomas 
under the line, he found it 1 ge where 
Dr. Halley only makes it 59—30: 

From hence M. Bigot failed tp 29 
uh lat. not 2 from the coaſts of Congo, 
from whence he always bore to the ſouth-weſt, 
and weſt · ſouth-weſt, as far as the mouth of the 
river de la Plata, where he arrived in April. 
1708. This traverſe of 14 leagues is the fitteſt 
* be thought of for examining the va- 
riations aſſigned by Dr. Halley in this fea ; and 
the more ſo, as it cuts all Dr. Halley's lines al- 
moſt perpendicularly. . | 

Along this courte, the variation, which was 
north-weſt, grew leſs and leſs every day, till 
* made 550 leagues, it entirely 8 

and 
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and henceforwards the variations were north. welt. 
This line of no variation Dr. Halley makes 120 
leagues more eaſterly, than M. Bigot found it, 
and makes a variation of 1.30 —north- 
eaſt, where M. Bigot found none; ſo that we are 
not to wonder, if the variation, found by M. Bi- 
got before his arrival at this line, were greater 
than that aſſigned by Dr. Halley, by 1 of n 
and ſometimes more. 5 
In April, 109, M. Bigot leſt the river de Ia 
Plata, and purſued much the ſame courſe as he 
had kept before, for the ſpace of about 800 
leagues; but the obſervations he made in return- 
ing do not agree with thoſe made in going, tho 
by eſtimation he thought himſelf in the ſame 
places, where he had obſerved before. The place 
where in going he found the variation 20 — 
north-eaſt, -appeared by his eſtimation g. more 
eaſterly, than that where he found the variation 
26 in his return, and the other places in proportion 
to their diſtance from the mouth of the river 4e 
la Plata, which probably ariſes from the waters 
of that huge river, which communicating its 
current to the ſea, by a mouth 30 leagues broad 
directed to the eaſt, may be ſuppoſed to retard 
the motion of the iy in going, and accelerate 
it in its returning. 
From hence M. Bigot failed to Mantinice and 
in his paſſage thence to France in 1709, at 289. 
30 Flat. and 316 30 .— long. fouod the va- 
riation 1 *—30/—north-weſt, where Dr. Holley 
makes it 1 -north- eaſt; ſo that the variation 
has here changed from —— to north - weſt, 
and the line of no variation, which was eaſt wards 
of this place, has travelled to the weſtward there. 
of ſince Dr. Hailey's chart, if we may credit 
theſe obſervations. 
At 
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At 32*——15/—lat. and 321 75 long. 


he found the variation 4 *—— 10, where Dr. 
Halley makes it 2 Be 


leſs. it 
At 36*—g0- lat. and:329* long. her found the 
variation 7 1 ee Hally makes * 

4 30. ! £4; 8 151 tofu 
Ar 45.—5 lat, and1305*—30/ long. he fond 
riation 1010, which is 2. My wo 


From all theſe obſervations, fuppoling them 
Pas it appears, firſt, that in the parallel of 22 
fouth latitude, the line of no variation has No 
120 leagues: weſtwards, from the =_ 27006 to 
dai | 
'Secondly, That the variation has increaſed on 
this fide that line, while it has diminiſhed on the 

; tho' in three or four places M. Bigot found 
it the ſame as is expreſſed in the chart; and in 


ſome others fbund it even greater, unleſs. we ra- 


ther chooſe to caſt the irregularity on the obſer- 
vations, which I believe the ſafeſt war. 

The ſhip Sr. Louis went with the Golden-fleect, 
and the Maurepas went in 1706 for the South- 
ſea; the obſervations made on board this laſt have 
already been delivered by M. Caſſini; but the 
firſt quitting the other two on the coaſts of Chili, 
carried M. Hebert on to the Indies; in which 
voyage, beſides M. Daumas the pilot's jourval, I 

have another kept by M. Brunet, an officer in 
the ſhip, who made ſeveral curious remarks, Over- | 
booked by M. Daumax. 

This pilot putting out fram- nenne in 
Fuly — at 25 leagues north - north- eaſt of the 
iſland of Porto- Santo, near Madera, found the 

variation 5 — —_ os ay chart 
only makes it 4. | 
Cloſe 


Cloſe by Madziri on the Jouth-weſt, he found 

it 8 where Dr. Halle only makes i 
n 13 0 A ae n . 

: Bhruvden: elne hay iMadciea, po the of 
Faro, he found it 4, Where Dr. Aaliq makes it g. 

At 50 leagues ſouth- ſouth-weſt of the iſland of 
Faro, 'he found'the pings Dr. que 
ley makes it 22 Gl 
At 18— 16 lat. and 387 Rüegg he — 
the variation 2%—4,' between which place and 
the bank of Biſagos, on the cbaſt of Guinea, he 
obſerved che variation 4 times, and found it als 
ways 2% ——2 5 Mr. Maus makes. it in hel 
gry about 1 

At 358 long. eee be found 3 
ration '2%—, as well as at g — 15 lat. and 10 
long. in both which places, Dr. Aae 
che variation about + a:degree. 

Ftom this place, bearing 20.theifanth-ealtcilne 
far as the-equinoQial, which he cut at pf— — 
the variation in about odio changed 
from 2 to 3 at — 3 to 
4 .— and at the end of 50 more, from 4 to g. 
In theſe places, Dr. Haliæy onlynakes 1 or 
-1*—+ variation, and. in lieu / of go leagues, makes 
80 leagues between each degree of variation. 

Having paſſed the line he bore ſouth · weſterly 
as far as 9. of ſouth lat. and 366 16. 
long. kene he alſo found the variation change a 
degree in 50 leag. :diminiſhing at this rate from 

5 ꝗ‚o 4, from 4 to 3, from:3 to 2, andi frem 2 
to 13 ſo that at the end uf about 260 leagues, 
there was no variation: at all, ande go leaguea fur- 
ther, the variation was 15. north. eaſt; here - 
as hitherto it had been north.weſt; ſo that the 

Place where the ſhip cut the: line of no vatiation 
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zs, by their account, 100 leagues more . 


ward than laid down by Dr. Halley, - 
Proceeding on towards the inan of Aſcenſion, 

at 20 leagues.north-eaſt of that iſland, M. — 
mas found the variation 6. 3 where Dr. 1 
alſo makes it 6. —north-eaſt. 

Paſſing hence to the iſland Grande, on the 
coaſt of Brazil, M. n relates, that the va- 
riation was found 11*%——2, which i is much the 
fame as in Dr, Halley's chart. Nm 

From hence paſſing to the ftraits of Magellan 
he found the variation at 12%—north-eaft „where 
Dr. Hau makes it 12 K, 13 where he. makes it 
13 2, 16 where he mals it 16 3, 17 where he 
makes 18 =, 18 where he makes it 19, 19 where 
he makes 194, and 19 f where he makes it 200. 


— All theſe obſervations I relate, becauſe they 


confirm one another; with regard to which it may 
alſo be obſer ved, that the laſt obſervation given 
by M. Brunet, was made in 40*—30'— ſouth 
lat. and that the ſhip having ſailed 60 leagues 
under the ſame parallel, he found the ſame va- 


riation in three ſucceſſive obſervations at this la- 


titude, which perfectly agrees with the inclina- 


tion of the lines of variation given by Dr. Hal- 


ley about this place, they being inclined from 


eaſt to weſt, for the ſpace of 50 or 60 leagues, 


and thence turning inſenſibly towards the ſouth- 


welt in form of an ellipfis, as far as the ſtraits of 
Magellan. 


Arriving 1 in December 1706, at the latitude of 
57*—10' and 60 leagues ſouth-weſt ward of the 


-ftraits of Le Maire, M. Brunet relates, that the 


variation was found 26*——north-eaſt, and that 


the ſame variation continued for the ſ pace of 40 


leagues. Here our compariſon ceaſes with Dr. 
1 alley 8 


Roar ACADENY of SCIENCES. ? 
Halley's chart, which does not re che variations | 
in this ſea. _ 

Having doubled Cape Horn, to the fouth of 
Terra del Fuego, t they arrived at the city Con- 
ception, on the coaſts of Chili, where M. Brine 
found the variation 9.30. Hence they pro- 
ceeded for Valparaiſe, where they found the va- 
riation 8*——, At Piſeo and Canete 6, 
and at Callao, the port of Lima, Gong: 1 which 
obſervations agree within half a degree to 4 
made on the Maure pas, publiſhed by M. 2 
who in examining the courſe of that veſſel ob- 
ſerves, that as their latitude increaſed,” the va- 
riation NN 10 which, from theſe obſerva- 
tions of unet and Daumas, we may add, 
chat in che ho: parallel, the further they pro- 
ceeded from. * hom weſtyard, the TC 
dimini 
Thus at. 44 | een 4 lat. and e thirty 
— diſtance ae 714 coaſts of Chili, they 
found 12*— variation, and in the ſame parallel 
ase leagues ee lien * coaſt found 
only Moghh 

Between 40 and 41 ng - lat. at 19 leagues di 
tance from the ſhore, they 00 9 — yariation, 
and only n 8 leagues d nce from the 
Beppern 30 2 ETD lat. and 60 leagyes 

from the ſhore, they found 7e = yariatign, 
and only 5-at 220 leagues. | 4 
Ihe ſame ſhip: departing from oh Conception 
in December, 1707, doubled Cape Horn a ſecond 
time, came to anchor in the river. Ga/legya, not 
far from the ſtraits of Magellan, and from whence 
ſet ſail for the Cape of Good Hour 1 ; being, I think, 
Von. IV. Ne. 35. CE the 
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the firſt ſhip that made this courſe, ſo chat its 
obſervations are the more valuable. 

At their departure from the river Gallegua, 
they found the variation 23*—north-eaſt. 

At 60 leagues from 'this' place, they e it 
22 *—north-ea 
At o leagues ſteer — ee 
At 1 50 leagues further 18% oo 


I 


At 110 leagues further 1 
At 150 leagues further 14. 


| At bo leagues furcher FOR 5 


Sar At 50 leagues further n ebe 
ot; 20 leagues further 1122 — 


| 30 leagues beyond this —.— 
A 20 leagues further 8 UBT 
At 100 leagues beyond this only 4— 


And, laſtly, at 120 Teagues' further the varia- 


tion was nothing. * #3 Int 
1 LAY theſe variations are notth-eaſterly to the 

1 ce where there was found no Variation. = The 
lowing ones are north-weſterly, oo 
At 60 leagues further Eaffward, "they found 

the variation 2® north-weſt.” 50102096 | 
At $0 leagues further : 
At 60 leagues beyond this ITS 
Ar 140 leagues further 99x: = = 
And, laſtly, at. 60 leagues Wunden chert he 


"oh ape of "Good Hope, me hey arrived in Mar. 


1708, the variation was found 8 — 
Now, according to Dr. Halley's chart, the 


_ variation ſhould have increaſed from the place of 
© their der arture in the ſpace of 240 leagues from 
20 to 23*—and in the reſt of their paſſage ſhould | 


have diminiſhed about 1 for every 2% of lon- 


Situde, as far as the line of no variation and 
: | from 


I 


\ ROYAL: A@ADEMY. of: SCIENCES, 1 
from hence to the Cape, have increaſed. north”, 
weſt ward, in the ſame proportion as it had dimi- 
niſhed north-caſtward ; but it appears on the con- 
trary, from theſe ob 8 that the greateſt 
variation fou nd by, then _ whole paſſage, 

was in this place of their A where it was 
found 23%. ——— It alſo. appears, that when it 
did diminiſh, this, diminution did not always pro- 
ceed in the ſame en as Expreſſed. in. Dr, 
Hall: chats. * during the firſt 500 


4 


= — for 2 in — "oe 
It alſo appears, from the 1 e that 
from the year 1700, the pc 'of Dr. Halley's 
chart to the year 370g, the line of 7 no. variation 
ſhifted-..59 leagues, weſtward in, 335 of 
ſouthern latitude, Ne, have a Iready obſerved, 
that in che latitude of 22% — it had ſhifted 120 
leagues, according. to the obſervations of M. Bi- 
got, that for the 7 ſouth, he found it 100 
leagues more weſtward ; and chat at the latitude 
of 289 north, 1 found it more weſterly 
than Dr, Halley makes it at that latitude ; 3 fo that 
the motion of this, line weſtward i is confirmed by 
many obſervations. 
Proceeding, from; t he he Cape of Cob Hope eaſt- 
Wards, they found, the variation always increaſe 
to the Ace of .530 leagues. from the Cape; and 
in g 30 t ſouth, lacirude, where they found the 
variation 2577 ,north- weſt, which is. the great- 
; eſt they ob: ved! in the Indian ſea, Hence to 
CA | the 
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the iſland Bourbon, and to Pondichery and Mer” 
guy, they found it leſs and leſs every day, as at 
their return they found it every day greater and 


greater to the ſame term, and about the ſame diſ- 


tance from the Cape. Dr. Halley only differs 2 
about half a degree from theſe obſervations. 
The other obſervations mage by theſe perſw | 
in the Indian ſea, differ but little from thoſe re- 
lated by M. Calin, ſo that we content ourſelves 
to refer to tbem. 
Thheſe are all the obſcrnitions of the variation 
that the journals afforded, I ſhall ſubjoin ſome 
remarks made from the fime journals for the cor- 
rection, and improvement of ſea charts, eſpecial- 
1y thoſe of Pieter Goos, which might one day 
be rendered much more uſeful to navigators, 
eſe a great number of ſuch journals made; 
The firſt pilot of the Royal-dauphine took no- 
tice of the Salvages, which are certain dangerous 
iſlands to the north of the Canaries, whoſe ſitua- 
tion therefore cannot be too exactly known by 
the pilots; he found them very ill laid down on 


the fea charts, being placed too much eaſtward; 


with regard to the iſland of Porio Santo, at a 
league and half ſouth-weſt of theſe iſlands, he 
found the latitude 30.— Their number he ob- 
ſerves is two, whereof the more northern one is 


the greater, from whence a chain of rocks ex · 


tends for about three leagues ſouth- weſt ward; at 

the end whereof is a little round iſland, with ſome 

flat ground, where the ſea beats extremely. r 
The firft pilot of the St. Louis, in his gange 


to the iſland of Aſcention, found it placed by 


Pitter Cos, alt a degree too much northward, 
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its latitũde hie obſerved to he 20? = inſtead 
of 19 ga, as that author makes dt. on 

The ſhip Louis we have alread odd to have 
been the firſt which ſailed from the ſtraits: of Ma. 
gellan directly to the Cape v) \Gopd Hopr. At its 
departure from the river Gailegunt, it madę caſt» 
north-eaſt the ſpace of 1330 leagues, which 
; brought it to that Cape; but in che way at 326% 

54, latitude, and 353. T0 dongitude, by the 
reckoning, they diſcovered an iſland about a 
league diſtance, and ſoon after two others, 3 Or 
4 Jeagues'to the ſouth- weſt ; and, laſtiy, a 4th, 
to the north-weſt, | which ſurprized them 18 
much, they being zoo leagues from lan-cGG 
MN. Brunet took theſe iſlands oo feſembig che 
of Triſtan: de Cunha; which he had ſeen in his 
voyage to China on board the Ampbitrue ; bat 
M. Hebert, and the firſt pilot were of n contrary 
opinion, by reaſon, according to the'reckonings 
they had yet only made 750 leagues from the river 
de Galleguas, whereas Pieter Gous, placing thoſe 
iſlands in t2%— of longitude, makes them !1050 
leagues from the ſaid river; and they were fur- 
ther confirmed in this opinion upon their arrival 
= the Cape of 'Good: Hope, where by the reckon- 

ing they found 35 — of longitude, between 
thoſe iſlands and the Cape in lieu of 26!ʒ⸗ 
according to the chart, which "makes a- difference 
of 130 leagues in this parallel. Upon this they 
made no difficulty of accounting them a new 
diſcovery, and gave them the name ef the He- 
bert hay or che new Hands" of e de 
Cunba. B10 e 149 

Vet to me —— ory M. Brunet, who 


took them for the very Iſlands of Triſtan de 
Cunba 
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Cuba, appears much more probable. ' Tis no 
new thing for pilots to make new diſcoveries, 
and impoſe new names upon iſlands known long 
before them, of which we have an inſtance; in 
the iſland of 87. Helena, which having been 
placed by the firſt navigators more weſterly than 

It really is, was afterwards found by others more 

eaſterly than it had been laid down in the charts, 

which made them take it for a new iſland in che 
ſame latitude, but a different longitude from the 
firſt, and accordingly they gave it the name of 
the new iſland Sr. Helena, and inſerted it in the 
ſea charts; in moſt whereof, particularly thoſe 
of Pieter Goos, ir io Mill m ſo. The iſland 

St. Apollonia in the Indian ſea is the ſame with 

the iſland of Bourbon; and the Ile of Dogs in the 

Cout b. Sea, found by Le Maire in 1616, is the 

fame with the iſland of 7. iburones, difcovered 

by Magellan in 15203 ſo in all likelihood 
the new iſlands diſcovered by our navigators, 
are no other than thoſe of Triſtan de Cunha. 

For Dr. Halley, who was at the iſlands of Tri 
as de Cunha in 1700, lays them down in his 
chart at the ſame diſtance which the reckoning 

of theſe perſons required; tho? the chart of Pieter 

Goss makes them 150 leagues off; and as to the 

-diftance of theſe iſlands from 'the river de Gale- 

guat, which by their reckoning was 750 leagues, 

'*tis' true, Dr. Halley makes it 170 leagues more; 

but then the longitude, in which that author 

places the mouth of this river, muſt be dimi- 

niſhed by 10 as I have done in my map of 

South America, from ſeveral aſſured obſervations, 
ane among others, that of an eclipſe on the 1 3th 
of Mar. 1653, obſerved by father Maſcardi in 
the valley of Bucalene in Chili ; for by this ob- 

ſervation, 
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ervation, compared with others made at Paris, 
— is 72 —1 weſtward: of Paris, . 
conſequently. the river of Galeguas, . whoſe. dif- 
_— Bucalene is known, ſhould only be 68* 

from Paris ; add, that. by. the obſctyations of 
father Fontaney it, appears. chat the Cape 0 Good 
Hope is 17* — 45/. more eaſtward than Paris; 
ſo that the diſtance between that Cape and the 
river of Galeguas, . muſt be 84*— 25, which 
comes within a degree and half of the TOO 
of the $7. Lowis... vein wed gy! 5785 005 8 
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ſhelter, here he erected a — 10 feet 7 MR 


gainſt the wall of the port, and divided it into 
heben whefeon he obſerved dhe tides whiche" | 


ened in the di 


for taking thaſe of the night. 


2 0s 4 LE SY 
He obſerves, that the es, while it 4 af 
to the "ſouth eaſt and to the 
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time, having no eee 


Wertheweſt, J 


fell; that the wind which traverſed the toad” was 
wet- borthl weſt; and at the v entrance of the port 


lay in the drrection of the weſt-ſouth-welt 1 


The journal of his obſervations begins on the 


gth of April, 1701, 
"May, ee —— 


nnen 


ends on the 26m of 


At firſt: he cgteneg himſelf with mT. 
day by day the part of the plank to which the 


food roſe, witk the winds that blew: both in' the 4, 


ebb and flow; but two months after, beginning 


on the 10th of June he obſerved the hours and 


minutes of high water, "which he continued till the 
end of his obſervations, excepting a little interval 
between the 1 1th.and 28th of Nov. during which 
he was obliged to have his watch mended. 


Upon examining 
— Bo at act 22 Graze, we ind that on the 


the times of high 
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little after 9 in the morning. The earlieſt high 
water was on the 19th of 7uly, the = of full 
moon, when it happened at 39 paſt 8 in the 
morning; and the lateſt was on the 12th of 
April, at 39“ paſt 9; which gives a variation of 
an hour, in the time of the tides for She day of 
full moon. : | 

Suppoſing the time of high water at Havre de 
Grace on the day of full moon to be at 9g'—26' in 
the morning, when the time of full moon coin- 
cides with that of high water, and that an al- 
lowance is made of 2“ for each hour, that the 
time of full moon comes, before or after the time 
of high water, as already ſettled at Dunkirk, we 
we ſhall find leſs variations in the times of high 
water obſerved at Havre de Grace. For an in- 
ſtance, on the 19th of July, 1701, high water 
happened at 8 39 ia the morning, which is 
the greateſt anticipation M. Du Bocage obſerved. 
Now full moon Is marked that day in the alma- 
nack at 11'—50' in the evening, the difference 
between 9g'—26' in the morning, and 11"—z0' 
in the evening, is 14 '—24's to which at the 
rate of 2“ per hour anſwer 29, which ſubſtracted 
from 9'—26', give 8'—57' for the time of 
high water, within 18. of what was. obſerved a at 
Havre de Grace. Sq 

Tis obſerved, that the 1 oth of ul, 1701, 
is the ſame day on which the greateſt acceleration 
of high water at full moon was obſerved at Dun 
kfmH 
As to the lateſt high water on the 4 of full 
moon, 1 it was found on the 12th of April at 9 
39', the full moon happening at o 2 
in the evening; ſo that here ſhould have been. 
an anticipation of 6, which ſubtracted from 
-26. gives the tiine of high water on the 
Vol. IV. Noe. 35. D | 12th 


— 
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was obſcrved. 


high water on that day was found at 9 
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12th of April, 1701, at 9. — 20 within 190 of : 
what was obſerved. _- 
Upon a like examination of the abfrvacions 


of high water made at Havre in the time of new 
moon, it appears at firſt ſight, that the floods ia 


the new moons. happen 12 or 13“ later, than in 
the full moons 3 and yet allowing for the accele- 
ration or retardation of 2' per hour above-men- 
tioned, and ſuppoſing the time of high water in 
the new moons at Havre, to be at 9 —26 / in the 
morning, as in the full moons, the obſervations 
of the full moons will be eaſily reconciled to thoſe 
of the new moons, excepting two, whoſe regula- 
rity was extraordinary, there being an anticipa- 
tion of - ſeveral minutes in the time of high water, 
between one day and another, in lieu of the uſual 


_ retardation. — The new moon, wherein high 


water came the earlieſt, was on the 29th of Nov. 
1701, when it was flood, at 80 56' in the 
morning, and the new moon is marked in the 
almanack at 100 11 in the oven of that 
day, the difference between 90 26' in the 
morning, and 100 11' in the evening, is 1 20 
—4;; to which anſwer 25 1, which ſub- 
ſtracted from 9* 26, by reaſon the new 
moon happened on the evening, gives the time of 
high water at 9.04, within 4 of what 


It is obſervable, that this new moon was the 
ſame as that wherein the greateſt acceleration of 
high water was found at Dunkirk, which we have 
attributed to the time of new moon, which hap- 
pened at 10'——11' in the evening. 

The new moon, wherein it was found flood 
the lateſt, was that of Auguſt the 4th, 1701, 
48 


in the morning, and the new moon is fixed by 
the 
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the almanack to 10.155 in the ſame morn- 
ing. Now. by the rule Jaid down, high water 
would have happened at 90 24 in the morn- 
ing, within 24 of what was obſerved ; bur it is 
obſervable, that from the 4th to the 5th of Aug. 
there was an anticipation of 11 in time of high 
water, in lieu of a retardation 3 ſo that nothing 
can be built upon this obſervation, nor even upon 
that of the 2d of September, 1701, the day of 
new moon, when high water was obſerved at 
946 in the morning, there being an antici- 
pation here likewiſe of 20 from the 2d to the 
3d of Sept. 
As to the higheſt tides at Havre de Grace, they 
do not uſually fall upon the day of new and full 
moon, but one or two days after, as has been ob- 
ſerved at Dunkirk; and as they have likewiſe 
been found not only in other parts of the chan- 
nol, but on the coaſts of Africa and America. 
The higheſt tide obſerved at Havre was on the 
15th of Feb. 1702, when the flood roſe 18 feet; 
3 inch. 3 days after full moon, which had hap- 
pened on the 12th of the ſame month at 3. 
20 in the evening, the wind was then very ſtrong, 
and blew at ſouth-ſouth-weſt, which confpiring 


h the tide, and driving it towards the port, 
ck have contributed to its amg eleva- 


tion that day. 


As to the tides near the equinoxes at new and 
full moons, ſome of them are higher, and others 
lower ſo that it can be no rule at Havre, that 
the equinoctial tides are the higheſt. 

What is further remarkable is, that the heights 

of the tides keep exactly pace with the different 
diſtances of the moon from the earth in all ſtates, 
whether near the equinoxes, or at any diſtance 


— as has likewiſe been obſerved at Dun- 
LD 2 — :- 
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kirk, For an inſtance on the roth of April, 


the vernal equinox, the height of the water was 


inches, which was lower by 1 foot, 10 inches, 


ber, the day of full moon high water was ob- 


but further than on the 4th of October. 
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1701, two days after the new moon ſucceeding Y 


found 15 feet, 6 inches, 6 lines, which is lower 
by 1 foot, 3 inches 4, than on the 1oth of May; 
two days after the next full moon, which yet was 
further from the equinox, agreeably to the di- 
ſtance of the moon, which was farther from the 
the earth on the 8th of April, the day of new 
moon; than on the 24th of April, the day of full 
moon; ſo on the 19th of September, 1701, two 
days after the full moon next the autumnal equi- 
nox, the height of flood was found 15 feet, 11 


than on the 4th of Ofober; two days after next 
new moon, when the water was found 17 feet 
9 inches, high, one of the higheſt tides that had 
been known; and again on the 16th of next Ofo-. 


ſerved 16 feet, 3 inches, which was lower than 
on the 4th of October; and on the iſt of Novem- 
ber it was found 16 feet, 11 inches, which was 
higher than on the 4th of October. | 

Theſe different heights of the tides cannot be 
owing to the different diſtances of the ſun from 
the equinoxes; ſince the water was lower near the 
equinox, than in the other obſervations further 
from it; but they agree perfectly with the diffe- 
rent diſtances of the moon from the earth, at the 
time of new and full moons.— For on the 
17th of September, the moon was further from 
the earth than in the other obſervations on the 
2d of October; it was nearer on the 16th of the 
ſame month; it was further diſtant than on the 
4th, but leſs on the 17th of September; and on 
the 3 iſt of OZober it was nearer than on the 17th, 


1 It 


RoyAL'ACADEMY of Scltncrs, 21 

It would be tedious to rehearſe all the relations 
between the obſervations, and the diſtances of the 
moon from the earth ; it may ſuffice to obſerve, 
that on the 15th of March, 1702, high water 
was found 17 feet, 1 inch 4, whereas on the goth 
of March, at an equal diſtance from the equinox, 
it was only found 15 feet, 8 inches; and that on 
the 15th of April it was obſerved 17 feet, 6 in- 
ches 4 and on the 28th of April, 15 feet, 2 in- 
ches, all which agrees with the different diſtances 
of the moon, which was nearer the earth on the 
15th of April; and further off on the 28th of the 
. fame month, than in any other preceding obſer- 
vation, as may be ſeen in the following table: 


* 
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| A TABLE of the time and height of the tides, 
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and full moons. ſerved. lated. 
ien H. M. H. II. F. In. I. 
8 Apr. 10 54 M. > | N 
ö a 5 16 16 3 
8 May, 1 42 M. IS 2 
if O22 May, 2 18M. £2 {We 
il ® 6 June, 2 28 E. 9 16 14 11 6 
i. © 20 June, o 26 E. 9 1 9 20- ff 1 
[1 ® 6 July, o 58 M.] 9 25 |9 43 f © 
1d © 19 July, 11 F0 E. 8 39 | 8 57 4 69 
1 1 Avg. 10 15 M. 9 48 | 9 24 5 8 
1 © 18 Aug, 2 6E. 6 [9 1615 4 
1 ® 2 Sept. 6 5 E. 9 46 [9 82 15 11 
| © 17 Sept. 5 56 M. 9 30 9 34 8 4 
(| ® 2 Od. 2 zoM.|9 33 9 40 j17 2 
i OG i iz 58 6 3 
jt ® 3: Oct. 11 24 M.] 9 34 | 9g 22 16 7 
| © 15 Nov. 5 4E. 9 11 15 10 
® 29 Nov. 10 1E.|856 [9 o [17 © 
© 15 Dec. 10 16M.|9 3o | 9g 24 [15 48 
| © 29 Dec. 10 4 M.] 8 59 9 23 j15 119 
1702. "0 | 
© 14 Jan.- 12 M. 9:25 [9 43 16 58 
57 M.] 9.45 9 43 6 16 
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in the new and full moon at Havre de Grace, 
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iſtance of 
ya fro ec he moon ! ws io the 
5 2 __ in | digheſt ale. 
3 5 nd opt. ; 3 
D. MS. 5 mY 
3 © 21s 589 [ro April. | 
„ A 24 April. 16 10 
I 10 May. 1 28 
8, 9 June. | [rs py 
3 2 33] 99713|{2: June. 15 59 
3-36 4983720 7 July 15 3 ; 
22 July is 8 
41 7 Au I Ce þ 
| 19 Auguſt. 15 11 6 
| 4 September. 17 6 
12 10 7 19 1 05 „ ii 
1 13] 9346 I © 
„ 1 18 17 October. 116 2 | 
'Y "November, [16 12x 
| 16 November. [ig 11 
30 November. 17 10 
N 18 December. 15 6 
[zo December. 15 5 6 
| 1702. 
9 437 1000 14 January, 16 5 
9 17 2911004771129 January. [16 4 
15 February. 8 3 
E 28 February. 17 2 
| © a 17 1 
11 22 93 19 15 117 
"0 8 » 25 28 Apel. Its 2 
12 May. 1 0 
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7 now we examine the time of high water ob- 


ſetved ĩn the quadratures, we ſhall find it happen 


at Havre 300 paſt 2 in the evening. 
Among the 23 obſervations made hereof, the 
flood which come the earlieſt, was on the 6th of 


March, 1702, at 1'—55' in the evening, and the 
| lateſt, on the 5th of May, at 3 20. | . 


To frame ſome rule of this variation, we ſup- 
poſe the mean time of high water in the quadra- 


tures at Havre, to be at 2 40 in the evening, 


and add or ſubtract from this time 27 per hour, 
for the time which the quadrature noted : in the 
almanack anticipates, or comes behind the mean 
time of high. Water, as fixed at 2'——40' in the 


evening... 


For an 1 on the 6h of Starch, 1702, 
high water was obſerved at 1"=—55/ in the: even- 


ing; the firſt quadrature i is noted-in the almanack 


for that day at 10 '—24/in the evening, the diffe- 
Tence between 2" 4o' and 10*—24/ in the evening, 


added to 2" 


1s 7”—444, to which, at the rate of 2/ per hour, 
anſwer 15! f, which ſubſtracted from 2 40⁰ 
gives 2 — 24 2, for the time of high water 
within 20“ of what was obſerved. ———So on 
the ;th of. Mey, 1702, the day when the tide 
came lateſt in the quadratures, high water was ob- 


ſerved at 3 ——— 30 the firſt quadrature 1s fixed 


in the almanack at 1. 59% that day, in the 
morning the difference between 1 59 in the 
morning, and 2 — 40 inthe evening, is 12 — 
41% to which at 2 per hour, anſwer 257, which 
40% give 3'———— , for the 
time of high water within 25 of what was ob- 


ſerved. 


The time of high water would have been found 


more exactly in theſe two obſervations, if in lieu 


ef 2. for each hour of anticipation, or retardation, 
we 
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we had taken 3, which agrees nearer with the re- 
tardation of the tides from 1 day to another, about 
the quadratures which uſually exceeds an hour. | 
High water happening at Havre in the new 
and full moons at 9”—26! in the morning, and in 
the quadratures at 2.—40, we have 5 —14 for 
the interval between the times of high water from 
the new and full moons to the quad ratures. 
This interval was found at Dunkirk 5 — 127, 
which ſhews the great conformity between the 
times of the tides in thoſe 2 ports. 

As to the leaſt tides obſerved at Havre de Grace, 
they do not uſually happen in the 2 quadratures, 
but x or 2 days after the firſt or laſt quarter.— 
The loweſt tide was found on the 8th of March, 

1702, two days after the iſt quadrature, the wa- 
ter on that day riſing only 9 feet, 8 inches, 4 
lines; and the higheſt tide, as already mentioned, 

happened the 15th of February, and roſe 18 feet, 
3 inches; ſo that there is a difference of 8 feet, 
7 inches, between the higheſt and loweſt tides at 
Havre ; whereas the difference was only found 7 


feet at Dunkirk. 


By comparing the different heights of the tides 


| obſerved at Havre, about the quadratures, we 


likewiſe find them bear a near relation to the dif- 
ferent diſtances of the moon from the earth, as 
will appear from the following table. 
Where it is obſervable, that on the 22d of 7anu- 
ary, 1702, the moon being in Perigeo about the 
quadratures, the height of che flood was found 13 
feet, 2 inches, 8 lines, which is leſs only by 2 
feet, than on the 28th of April, 1702, two days 
after the new moon, which was then in apogeo. 
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er in the quadrature af Har avre * Grace 
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After aſcertaining the retardation of the tides 
in the new and full moons, and quadratures, we 
examined all the obſervations at Havre de Grace, 
and found that the mean retardation of the tide 
from one day to another was almoſt perfectly the 
ſame with that obſerved at Duntirt; fo that the 
ſame rule may ſerve for finding the time of high 
water every day in the year, in both thoſe ports, 
We have alſo drawn up a table of theſe retardations 
like that given for Dunkirk, by means whereof it 
may be found, whether the ebbing and flowing 
follow the fame rule in other ports. In order 
hereto, the mean time of the tide muſt be ſettled 
in each port, for the days of new and full moon, 
and quadratures for the reſt, the rules will obtain 
already preſcribed. 

The tides in this table are marked for every 12 
hours after full moon, for the conveniency of 
finding the morning and evening tides. | 


* 


1 
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9! 26 M. mean“ 40 E. men 
time of the high||time of the high 

| tide at Haute, Itide at Havre, 
the day of theſſthe days of the 
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Rule firſt, To find the time of high water at 
Havre, for the days of new and full moon, and 
quadratures. 
Look in the almanack for the time of new and 
full moon, and quadratures, and take the diffe- 


rence between this and the mean time of high 


water expreſſed for the day of that phaſis ; 


doubling this difference, you will have the num- 

ber of minutes to be added to the mean time of 

high water, if the phaſis anticipate ſuch mean 
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time, or be ſubtracted from the time of the phaſis, 
come behind the ſame, the reſult will be the true 
time of high water for the day of the given pha- 
ſis, whether it be new or full moon, or one of 
the quadratures. 
For an inſtance, ſuppoſe the time of highs water | 
required for the day of new moon in Jan. 1702. 

In the Ephemeris we find new moon marked on 
the 28th of Fanuary at o Gy in the morning, 
the difference between 0"—57 in the morning, 
and 9.—26 / in the morning. The mean time of 
high water at new and full moons in' this port is 
8'—29,, the double whereof, viz. 16.— 8) is 
the number to be added to 9 260. The mean 
time of high- water at Havre on account of the full 
moon's anticipating the time. of water the 
ſum, viz. 9.43 is the true time of high water 
on the 28th of anuary, 1702. M. du Bocage 
obſerved it 9.45. 

Rule 2d. To find the time of high water at 
Havre for any given day. - 

Seek by the firſt rule the time of high water, 
for the day of new and full moon, or quadrature, 
next preceding the given day ; to this add the re- 

tardation of the tide correſponding to the diffe- 
rence between the given day, and the day of the 
preceding phaſis, the ſum will be the time of high - 
water for the day required. _ 

For an inſtance ; ſuppoſe the time of high wa- 

ter required for the firſt of Feb. 1702. 

By the Epbemeris the phaſis immediately pre- 
ceding the firſt of February, is new moon, which 
Happens on the 28th of January, 1702, at 
0 57 in the morning; four days before the 
day given, the time of high water that day is 
found in the preceding example to happen at 


9 —43 in the morning; add to this 2.—42“ for 
3 1 mm 


„ 
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the retardation correſponding to 4 days, the ſum 
will be the time of high water on the given day, 


viz. o'—25' in the evening. M. du Bocage found 


it that day ato'—15/in the evening. | 
Io find the time of high water immediately pre- 


5 ceding, or following a time thus found, we muſt 


ſubtract or add the difference in the table corre- 
ſponding to 125. We may likewiſe apply 
to Havre de Grace the three laſt rules laid down 


for finding the higheſt and loweſt tides at Dun- 


Br © | 

As the interval between the new and full moons, 
and quadratures, there is from 6 days to 8, it fol- 
lows, that when this 1nterval is 6 days, the retarda- 
tion of the tide between one day and another, muſt 
be greater than when the interval is 8 days. 


And hence for the greater accuracy, we have 
framed a table wherein the retardation of the tide 


is aſſigned according to thoſe different intervals. 
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A TAB LE of the retardation of the tides. 
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To make uſe of this table, we find in the Zphe- 
meris the numbers of days between the Wa im- 
mediately preceding, and that ſucceding the given 
day, and take the retardation of the tide 2 
in the column under that number of days. 

For an inſtance; ſuppoſe the time of high water 
required for the iſt of February, 1702, which is 
the inſtance. propoſed under the 2d rule, The 
Pbaſis next preceding the 1ſt of February, is the 
new moon of the 28th of January, and the phaſis 
following it, is the firſt quadrature which happens 
on the 5th of February; the interval between 
theſe two phaſes is 8 days: ſeek under the column 
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marked a-top with 8 days, the 8 anſwer. 
ing to 4 days, which is 2 hours 31; add this to 
9'—4 3'. (the time of high water on the diy of the 
preceding new moon found by the rule) and the 
ſum will give the time of high water on the 1ſt of 
February, 1702, ato'—14/ in the evening within 
a minute of what was actually obſerved. a 


XII. Refletions « on the obſervations of the 
tides made at Breſt, and at en. 47 
M. Caſſini, the fon, * 


Having found, that the $ID OM of the flux 
and reflux of the ſea, made at Dunkirk, and Ha- 
vre de Grace agree, ſo that we may uſe the ſame 
rules to find in both theſe ports the time of high 
water, for every day in the year, preciſely enough, 
We have thought proper to examine if theſe rule: 
agreed wi h the obſervations upon the tides made MW 
at Breſt and Bayonne, by Meſſ. de la Hire and 
Picard. 

Theſe obſervations are related in the collection 
of the travels of the academy; they were made 
at Breſt, in September 1679, in the king's garden, 
-which has a view to the port where the lea' is, com- 
| monly very calm. 

Meſſ. de la Hire and. Picard dbſerred there 
from the 18th to the 28th of September, the time 
of high and low water. They did not wait to 
make their obſervations, till the tide was entirely Z 
42 or low,” becauſe then it remains too long in that Wi 
- ſtate z but they marked 2 diflant times before 
and alter, in which they found it at a certain exact 
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height, which laſted ſo little, that they made no 
difficulty to mark even to ſeconds. They after- 
wards took the middle of the time which paſſed be- 
tween the correſponding obſervations. '/ - - 
In comparing at firſt the retardation of the tide; 
from the 18th to the 19th of September, they found 
it 48 / equal to the mean motion of the moon. This 
retardation is afterwards a little leſs to the 26th 
of the ſame month; but from the 26th to the 
28th, it is exceſſive, there having been from the 
26th to the 2th, a retardation in the time of high 
water of 1" 9' 45", and from the 27th to the 28th 
f 30 30. ©: D 1k 2111 03 of 
As the rules, that we have preſcribed to find 
the time of high water at Dunkirk and Havre de 
Grace, require the knowing the days and hours 
of the new and full moons, and of the quadra- 
tures, we have examined the days of the moon, 
upon which theſe obſervations have been made, and 
have found in the Connoiſſance des Temps of 1679, 
that the moon was at the full on the 2oth of Sept. at 
7" 48' in the morning; and in the laſt quarter, the 
26th, at 7" 4/ at night. The 20th of Sept. the day 
of the full moon, the height of the tides was not 
obſerved there: but by the compariſon of ſome 
obſervations that were made the preceding and 
following days, we ſee that it muſt have hap- 
pened about 4 in the evening. We find after- 
- wards, that the retardations of the tides was in 
diminiſhing, and pretty near agree with that 
which reſults from the rule; but from the 26th 
to the 28th, the daily retardation was greater, as 
it ought to happen according to the rule. 
For the laſt quarter of the moon being the 26th, 
it ought to have a retardation from the 26th 
to the 27th of 1'8, and from the 27th to 
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vere made at Bayonne, by Meſſ. de la Hire and Picard, 
Win the Dour, where the ſea riſes conſiderably. 

They obſerved in the ſame manner, that they had done 
at Breſt, the preceding year, the time of high 
water from the 12th of * 1680, to the 4th of Oc. 
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To be able to compare the rule of the retar- 
dation of the tides with the obſervations, they 
firſt ſought in the Connoiſſance des Temps of 1680, 
the days and hours of the phaſes of the moon, and 
they found that the moon entered the laſt quarter 
the 15th'of September, 1680, at 1" 4/ in the morn- 
ing 3 that. the new. moon following happened on 
the 22d at 7 30“ in the evening; and that the 
- firſt quarter happened on the 30th of September, 
IT 4 in the evening. 

It follows then from the rule that to begin from 
the 15th of September, the day of the laſt quarter, 


there ought to have been a great retardation in the 


: tide from one day to another, during 3 or 4 days; 
that from the 2 2 of September the day of the new 
moon to the 30th of September, the day of the 
laſt quarter, there had been an acceleration in the 
tides, and that from the 3oth of September, to the 
Ath of OZober, there ought to have been a retar- 


dation in the tide, which entirely agrees with the I 


obſervations. 8 4 
This conformity” of the rals of the retardation 
of the tides, with the obſervations, has given us 
room to examine, whether they agree in all the 
circumſtances. For this is ſuppoſed, that the 
high water happens at Bayonne, the day of the 
new and full moon at 3 30, the ſame that is 
marked in the Connoiſſance des Temps. The in- 
terval between the time of the tides from the new 
or full moon to the quadratures, being 5".14, as 
they found at Havre, we ſhall have che time of . 
+ # water in the quadratures, at Bayonne, at 8" 
Upon theſe, hypotheſes they have calculated 

by the rules preſcribed in the preceding memoir, _ 
the time of the high or low water, in the obſer- 
vations made at Bayonne, ſince the 15th of Sept. 
and they have marked them in the table * f 
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= d, With the differences, which are for the moſt part ſo 
| N that we could never have hoped to have been able 
to arrive at ſo 8 an exactneſs. 
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XIII. Ai examination of the filk of ider, 
_ by M. de Reaumur *; tranflated oy Mr. 
Chambers. _ 


The publick diflike had long lain heavy on 
the ſpider, and notwithſtanding ſo many curious 
things publiſhed of jt by ſeveral learned men, it 
was ill looked upon with ſome degree of hor- 
ror, and held a dangerous, or at leaſt a uſeleſs 
inſet, till a year ago, that M. Boy, firſt prefi- 
dent of the chamber of accounts at Montpellier, 
procured it a more favourable regard.. There is 
room to hope, that the extraordinary things he 
has ſhewn of it, may be turned to ſome advan- 
tage; ſince, like the ſilk-worm, it ſpins à filk, 
capable of being made into.the fineſt works ; of 
which the gloyes and ſtockings he then preſented 
to the royal academy of Montpellier, are an in- 
conteſtible proof. A like preſent of gloyes has 
been ſince made to the royal academy of Paris; 
where the diſcovery, having l of uſeful-⸗ 
neſs, was thought worth the purſuing ; either that 
the publick might reap the fruit thereof, or at 
leaſt that the infamy might be removed of ne- 

lecting any thing that might be beneficial. The 


fate of the ſilk of worms is notorious, which tho? 


known had remained almoſt uſeleſs for many 
ages; and it had been inexcuſable to let the ſilk 
of ſpiders run the ſame fortune. 

The academy therefore thought fit to depute 
two members, to purſue what M. Ben had fo in- 
geniouſly hinted; and I was one of thoſe the 
choice fell upon. I accepted it accordingly, not 


only as the publick good ſeemed concerned therein, 


but our illuſtrious preſident, the Abb“ Bignon, 


Nov. 12; 1740. 


Vor. IV. NV. 36. G ſeemed 


42 The HisTorY and Memos of the 


ſeemed kindly to intereſt himſelf in behalf of the 
poor ſpiders. 

To go orderly to work, I held it my chief 
buſineſs to conſider the fle of ſpiders, with re- 
gard to that of worms, in order to find by this 
compariſon, whether the new ſilk would be of any 
ſervice, anſwerable to what we receive from the 
old; for it was no longer any queſtion, whether 
the ſpiders ſpin at certain times a ſort of ſilk fit 
for manufacturing; this had already been de- 
monſtrated by M. Bon, paſt all exception; but 
whether * ſpin a ſilk that may be of advan- 

e to the publick ? To determine this, *tis not 
enough to find the ſecret of feeding and bringing 

up ſpiders, as ſome learned men have ſuppoſed, 
but to find whether, granting this ſecret known, 
the ſpider ſilk will come as cheap as the other; 
or, in caſe it be dearer, whether this inconveni- 
ence be compenſated by any other advantage: 
Theſe two points were what I chiefly aimed at in 
my inquiry, and to theſe all I ſhall offer in the 
enſuing diſcourſe is reducible. 

The artifice, which ſpiders make uſe of to 
catch flies, has taught all the world that they feed 
on thoſe inſects; but *tis obvious, that — is no 
feeding a number of ſpiders, ſufficient to furniſh 

a ſilk manufacture with flies. What ſtratagem 
abſt be uſed to take the Sally quantity of flies 
neceſſary for ſuch purpoſe? and tho? the method 
of catching flies was never ſo much improved, 
what better ſhould we be, when *tis viſible, that 
all the flies in the kingdom would hardly ſupply 
ipiders enough to make even an inconſiderable 
quantity of ſilk, as may be eaſily inferred from 
what we have to urge upon our ſecond article. 

Recourſe therefore muſt be had to ſome new 
food, whereof a ſufficient quantity may commo- 

= ee 
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diouſly be had. Now the rapacious diſpoſition 
of the ſpider is a ſufficient indication, that this is 
not to be had from plants, and that neither their 
flowers, leaves, nor fruits can afford them a pro- 

er nutriment. I did not omit, however, to try 
fach foods, leaſt I ſhould have it to reproach my- 
ſelf with neglecting any thing, and becauſe I was 
aware, that in matters of experiment, things fre- 
quently happen otherwiſe than was expected; but 
nothing I could give them of this kind proved any 
food at all, A, -- 2 v8 Bats 
Fet tis viſible, that flies are not the only food 
as may ſupply them ; for tho* the houſe and 
garden ſpiders live chiefly thereof, yet I have 
frequently obſerved them fall with equal appetite 
upon other inſects, which happen to be caught 


in their toils; and the ſpiders in particular, which 


inhabit the holes of old walls, had made me fur- 
ther ſenſible, that no inſect comes amiſs to them; 
for, upon viſiting their cells, I have uſually 
found the carcaſſes of diverſe kinds of inſects there - 
in, as millepedes, caterpillars, butterflies, Sc. 
My buſineſs therefore ſeemed to be to find 
ſome inſect, whereof there is ſtore enough to be 
eaſily had, and nothing but earth- worms appeared 
to anſwer this view; as to quantity, the gardens 
and fields are full of them; witneſs the allies of 
gardens, which, after a rainy night, are covered 
over with little round bits of earth, each-whereof 
covers a hole, at which an earth worm had aroſe, 
nor is there any difficulty in taking them, pro- 
vided you go in the night with a candle, and re- 
member never to ſeek for them after a fit of dry 
weather. e ds e 
Tis true, I have never found any earth- worms 
in ſpiders webs, or holes, but this was no great 
objection, conſidering the weight of the infect, 
G 2 and 
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and its keeping altogether of the ground, Which 
makes it impoſſible for the wWörm ever to conie 
within the 1 ider's clutches. In effect. my ex- 
pectation was anſwered';' for Ahunting up ſeveral 
large ſpiders of diverſe Kinde, which had overs 
livea the winter, and given chern pieces of wortns 
to feed on, the A were preſerved alive thereby. 

But i it Was no means enough to convities- 
mie, that this Fa was proper for ſpiders, to find 
them live ſeveral months without any other; a 

efiment, I had formerly made, rendered this 

575 precärious, having kept a houſe ſpider alive 

MBs "months, without any food at all. *Tis 
known beſides, that the young ſpiders, hatched: 
in, September, 1 lived 8 or - months without eat= 


© But as Thad intloſed my \ fpiders' in boxes, 'co- 
vered with glaſs, 1 could ally obſerve whether 

they meddled with the food that was given them, 
and de have frequently ſeen them attack 
pieces of worms, which would ſtir, notwithſtand- 
ing their ſepatation from the reſt of the body, 
after the like manner as we find them attack in- 
ſects, which have ſome ſtrength ſtill left, after 
being taken priſoners in their nete, the various 
motions of the pieces of worms having ſerved to 
ſtir up theſe inſects of prey. It muſt be added, 
that they maintained their bulk and vivacity, 
which thoſe I had left without food did not; 
and what is ſtill more deeiſive, ſeveral of them 
made balls or cods, and laid eggs therein. 

I afterwards tried other kinds of foods, to ſve 
whether they might not be {equally proper for 
them; for how commodious ſoever worms might 
be, ficth would have been ſtill mere ſo: but 1 
found, that they did not affeck it, and that if it 
fell in their way, they rarely faſtened on it. _ 
reaſon 
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reaſon may be, that the fierce and rapacious diſ- 
polition of the ſpider, muſt be urged. and excited ; 
by living animals. 8 
' Yet I bethought myſelf of anoder "I which 
might make up this defect, by the exquiſiceneſs f 
of its taſte, the young ſpiders, which have juſt 
left their cods, preferring it to all other; but 
what determined me to uſe it, was the reſemblance 
it bore to the tender fleſh of inſets, which the 
ſpiders delight in, I mean the ſubſtance, which 
fills the feathers of young birds, before they be 
arrived at their full growth. Tis known, that 
upon plucking ſuch feathers, they are bloody at 
the end, and that their -quill or barrel is ſoft ; fo 
that either ſqueezing, or cutting it up, we find it 
repleat with a ſoft ſubſtance, interſperſed with 
numerous veſſels, which diſcharge blood upon 
cutting them; having plucked ſuch feathers from 
young pidgeons, and even old ones, which had 
ſometime ago been ſtripped of the large feathers 
of their tail and wings, I divided them into little 
pieces, a line, or 4 a line long, and thus threw 
them to the ſpiders, who ſeemed well pleaſed 
therewith, and eſpecially the young ones; ſo that 
I could ſee 5 or 6-cluſters of them abour a ſingle 
piece, each of them fucking at the ſide it was 
cut on. 4 
Thus far things. ſucceeded to my wiſh, proper 
foods being found out, which alone ſeemed want- 
ing; and ꝛ'tis likely,other equally commodious ones 
might be diſcovered, even among, Fan inſe&- 
kind, tho? what we have already. propoſed is 
cafier to come at than the leaves ' mulberries, 
wherewith filk worms are fed. It way be had 
without any trouble in all countries, and without 
running any danger from ſharp. winters. The 


a will furniſh young feathers enough, or 
| they 


— rr 
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faſtenipg upon the ſame bit of feather. 
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they may be had by breeding up chickens, or 


pidgeons, and: pulling off their feathers from time 


to time, which will not hinder their laying eggs, 
and bringing young ones; as I have found by 
experience; but it will appear from what follows, 


that a large deduction is to be made, when we 


come to raiſe ſpiders enough to furniſh a ſilk ma- 


nufacture. 8 ty | 1 
As ſoon as the young ſpiders quit the ſilken 


ball they were incloſed in, they appear perfectly 


at peace, and work in concert upon the ſame web, 
ſome of them ſpreading new threads over thoſe 
already drawn by others; but ſuch union does 
not hold long. I had diſtributed 4 or 5 thou- 
ſand ſpiders, juſt freſh from their balls, into ſeve- 


ral boxes, putting 2 or 3 hundred in ſome, and 


one hundred, or fifty, even leſs in others. The 
boxes were about the length and breadth of a card, 
and were as high, and as wide, which was room 
enough for ſuch little animals. Finding them ga- 
ther upon the glaſs, which covered the boxes, 
I made an aperture in each about a line below 
the glaſs, and thruſt a card through the ſame, 
which reſted on the width of the box, and ſtopped 
the aperture cloſe enough to prevent the ſpiders 
eſcaping. On this card, I laid ſuch food as I 
had found ſuitable for them, diſpoſing it ſo near 
the glaſs, or upper ſurface of the box, that the 
ſpiders might have their food at hand ; and to 
make thoſe at the bottom, or on the ſides: of 
the box, go in queſt of it, I had taken care to 
punch ſtore of holes in the card ; by this means a 


great number of ſpiders might be fed in a very 


little time; for the firſt days one might ſee them 
fall on their food with eagerneſs, ſeveral of them 


But 
3 
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But their natural fierceneſs ſoon declared itſelf; 
the biggeſt and ſtrongeſt took a liking to eat the 
ſmaller and weaker ſort. In effect, every time I 
viewed them, 1 could fee ſome little one, which 
had fallen a prey to another ſomewhat bigger; 
ſo that in a ſhort time there was ſcarce one or two 
leſt inn man meh 
I knew that the large ſpiders ſometimes fight 
together, when they chance to meet, but was of 
opinion that they would grow more ſociable by 
being bred together, as we find the chickens and 
turkies, raiſed in the ſame yard, live-amicably 
enough, tho? they always make war upon new 
comers. But the truth is, theſe young ſpiders 
devour each other much more than the big ones: 
whether it be that theſe laſt ſtand leſs in need of 
food, or that being ' heavier, and more bulky, 
they: do TESTO Bi HT ON 
This inclination of the ſpiders to eat one ano- 
ther, is, in ſome meaſure, the cauſe that their 
number is ſo ſmall, conſidering the prodigious 
quantity of eggs they lay. Tis true, there are 
ſeveral ſorts of inſects that prey upon them. 
Pliny mentions ſome ſpecies of hornets and li- 
zards, which make them their ordinary food. 
I have ſeen the little brown wall lizard catch 
them, with infinite addreſs ; but notwithſtanding 
all this, we ſhould find them incomparably more 
numerous were it not for their eating one another. 
No other way therefore ſeems left for bringing 
up ſpiders, but to lodge them ſeparately. One 
may provide, for inſtance, boxes, which are 
ſubdivided into ſeveral little apartments, forming 
ſo many diſtinct cells, which I have practiſed ac- 
cordingly; but to give each ſpider its food a- 
part, would occaſion an expenee very diſpropor- 
tionate to the profit accruing from them, This, 
= however, 


48 The HrsTORY and MEMOIRS of (he 
however, might be bore withal, were not the 
r 1 

I am ſenſible, that ways might be found ge! 
abridging this trouble of giving them food, and 
even have contrived ſome myſelf, which I 
think neceſſary to deſcribe here; but do _ 
you will, tis ſtill to be feared, that much more 


time will be employed cherein than is neceſſury 


to give — their food. 
The diſtributing the ſpiders into ſeparate cells, 


does likewiſe draw on a new difficulty, which 


greatly leſſens the advantage they have over ſilk- 
worms in point of fecundity ; for the benefit of 


this cannot be had without keeping a large num- 


ber of eggs, which have been fecundified by co- 


pulation, nor is this practicable without putting 
ſpiders together. I am ſenſible there is a time 
when a milder fermentation of juices diveſts theſe 
animals of their natural fierceneſs, and that they 
may then be put together without danger; but 
how ſhall we know this preciſe time, which 
withal is to be a little before that when they are 
diſpoſed to lay eggs? It would be eaſy finding, 
whether they lay all their eggs nearly on the 
fame days of the year; but there are ſeveral 
months difference between the times when fome 
hy from that of others. 


The fecundity of ſpiders is prodigious, as is | 
fully fer forth by M. Bon; but, after all, the like 


may be {aid of ſilk- worms, even tho' we ſhould. 


only ſuppoſe them to lay about a hundred eggs, 
whereof hardly 40 afford worms that make their 


balls; whereas 2 lay 6 or 7 hundred, and 


yet all the filk-worms I have brought up on this 


occaſion, yielded at leaſt 3 or 4 hundred eggs a- 
piece. I is obvious therefore that the number of 


lik worms might be multiplied, as much as we 
| pleaſed, 
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pleaſed, did that only depend on the quantity of 
their eggs, as abundantly appears from the large 
ſtock of {ilk they now produce in Europe, where 
anciently there were na worms at ally it would be 
caſy therefore in coutſe of time to have a quan- 
tity of ſilk· worms, as much ſurpaſſing thoſe We 
now have, as theſe. ſurpaſs that little number fitſt 
brought from the eaſt z but what hinders us from 
increaſing our ſtock is the trouble of lodging, 
feeding, and attending them; for if the quantity 
of ſilk was increaſed, its price would be dimi- 
niſhed, and, in that caſe, would not pay the 
charges of raiſing the wor ms. Silk- worms there 
fore ſeem clearly to have the advantage over, 
ſpiders, as to the facility of raiſing them; ſo that 
we are to have no grrat expectations from the, 
new ſilk, unleſs it have ſome other advantage 
over the old, either in reſpect of beauty, ſtrength, 
or the quantity it yields, which makes our ſecond. 
article of inquiry. nay hoy ah e exe 
As all the ſorts of ſpiders. do not afford a ſilk 
capable of being manufactured, and as thoſe which 
do furniſh ſuch ſilk, only ſpin it to form balls, 
or cods, herein to lay the eggs; for as to che 
webs they make to catch inſects, they are uſually 
too fine for any purpoſes of ours, it ſeems pecei- 
ſary to give a general idea of ſeveral ſpecies of 
ſpiders, to which all the reſt are reducible, and of 
the different manner wherein their ſeveral balls 
are formed, in order to ſhew which of them at- 
ford ſilk to the beſt advantage in thele countries. 

M. Bon, who has likcwile conſidered ſpidets, 
with regard to their ſilk, reduces them to two 
principal kinds, viz. the long- legged ſpiders and 
the ſhort-legged ones, which laſt, he informs us, 
alone furniſhed; the new ilk ; but this diviſion, 
which would have great advantages, on account 
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too fond ever to ſtix⸗ 
about with them, always hangt } 
about their anus, in ſuch manner that the ball 
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of its fimplicity, ſcarce ſeems ſufficient to diſtin- 

guiſh the ilk ſpiders from others: for how ſhalt 
we know preciſely which to call ſhort-legged ſpi⸗ 
ders, and which long-legged ones? There are 
ofe legs are © of middle ite, between 


the lon geſt and ſhorteſt, and on the which of the * 
two Kinds are theſe to be ranged? On the foot- 
ing of the former diviſion, it would be difficult 
to decide whether they yield a filk or not; but 
this is not the worft, for the divifion would be 


apt to lead people 1 into uſeleſs pains, the generality 


of ſpiders, which, according to this, ſnould pro- 
miſe moſt tk, yielding 'n6ne at all. Such are 


the ſeveral kinds of wander ing ſpide s, and the larę e 


brown ſpiders inhabiting the holes of old walls, 
whoſe legs are ſhorter than molt of thoſe which 
yield filk, though they yield none themſelves. 
F rather cboeſe to range all ſpiders under two 
claſſes; the firſt including the ſeveral ſpecies 
comprized by M. Homberg, under the Bebernl 
name of wandering ſpiders, being ſuch as do not 
lay nets for catching of inſects, but roam abroad 
in queſt of them. Theſe ſpiders ſpin but little, 
and this only to make a cod, or cover, for their 


eggs, which ſome of them make hemiſpherical, 


and leave it hung upon ftones, or hid under 
ground, or even upon trees, or among herbs ; 
others give it the figure of a ball, and are 

rom it, but carry it 
to the papillæ 


only ſeems to make one body with the ſpider ; 


which, upon this occaſion, appears a little big: 
ger than it ſhould do. Catching one of them, and 


taking 1 its ball away, you will ſee the ſpider re- 


ſume it, as foon as ſet at liberty, with great eager- 
** taking: it 1n Its s feet, and clapping it firſt 


under 


\ 
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under its belly, and here letting us into the arti- 
lice it uſes in its ordinary carriage; for bending its 
hind: part till it reach the little ball, and then rub- 
bing the ſame. ball very ſwiftly with the papillæ, 
a viſcid liquor is preſt out of the ſame, and 
ſmeared over part of the ball, - which. by this 
means is ſtuck faſt to the papillæ. The parts thus 
rubbed are eaſily diſtinguiſhed, as being whiter, 
and cloſer than the reſt; nor does the animal's 
tenderneſs end here, but when its young ones are 
hatched, it bears them on its back, where the young 
ſpiders likewiſe diſcover a notable. dexterity in 
their arrangement about their mother? s body, be- 
ing ſuch, that there is no perceiving them when 
ſne walks, only her body, upon this occaſion, 
appears ſomewhat rougher than uſual. 

The texture of the balls of this kind of ſpiders, 
is very cloſe, and uſually white or greyiſh ; but, 
beſide that it only yields very little ſilk, what 
it does yield, is not fit for manufacturing. 

The ſecond claſs includes all the ſpiders, which 
lay nets for catching inſets. Theſe. I divide 
into four principal Kinds, each whereof might be 
ſubdivided into ſeveral ſpecies, if an exact biſtory 
of ſpiders were intended : the firſt kind contains 
all the ſpiders which make webs of a cloſe rex- 
ture, and ſtretch them as parallelly ta the horizon, 
as the weight of the web will admit. Such are 
the houſe ſpiders, which lay their webs in the 
corners of rooms, and ſome ſpecies of garden ſpi- 
ders, which make like webs, and placed after the 
like manner as thoſe of houſe ſpiders. 

Theſe all of them incloſe their eggs. which 
ſtick a little to one another, in a ſort of web, not 
unlike either as to ſtrength or colour. The com- 
mon ones they lay for flies; ſa that we have but little 
to expect from theſe towards a filk manufacture, 
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The ſecond: kind includes the ſpiders, which 
inhabit. the holes of old walls. Theſe line the 
wall all around their hole with a web, and within 
the hole itſelf, make another web of a tubular 
figure, by which they enter and come out f 
their holes; but neither is the ball, wherein theſe 
ſpiders incloſe their eggs, any ſtronger than their 
common web; lo that theſe two are out of the 
queſtion, © | 

In the third kind 1 mak all the ſpiders, whoſe 
nets have no proper texture reſembling thatof a web, 
but conſiſt only of a number of threads ſtretched 
every way. This kind might be ſubdivided into 
a great number of ſpecies, which form their balls 
in different manners; ſome make them ſegments 
of a ſphere, and faſten the flat ſide to a leaf, and the 
firmneſs wherewith they brood over them is invin- 
cible; for notwithſtanding their natural fierceneſs, 
if tht leaf be taken away this ball is faſtened on; 
the mother ſpider will go with it, and never leave 
it, unleſs by force, till the young ones are hatched: 
Theſe balls are very white, and of a cloſe tex- 
ture; others make two or three little ruddy balls, 
ard lay their eggs therein, hanging them up by 
threads in ſome open place, but taking care to cover 
them with dry leaves, to prevent paſſengers from 
ſceipg them; to this purpoſe hanging their _— 
upon thread at ſome diſtance from the ball; 
thers make their ball of a pear form, and — it 
rl thread, le the pews — by its pe- 

. 

Theſe balls are all of a cloſe texture, bur thels | 
filk too weak for working; perhaps, thoſe in 
the pear form might be of - ſome uſe ; but they 
are ſo ſmall, and conſequently contain fo little 
uk, as ſcarce to "0 wary minding. © 

oy Laſtly, 
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' Laſtly, the fourth kind includes thoſe ſpiders, 
which make webs conſiſting} of ſeveral threads, 
all placed in the ſame plane, and proceeding front 
the ſame point, like fo many radii of a circle, 

which terminate in its circumference.” Acroſs all 
theſe threads, goes another thread, which wind- 
ing ſpirally, is faſtened in diverſe places upon 
each thereof. Theſe webs are uſually perpendi- 
cular to the horizon. M. Homberg calls this fort 
the garden ſpider; and accordingly we find it 
very common among wood, buſhes, c. Under 
it are included ſevera] ſpscies of ſpiders, Urfferent 
in ſize, colour and ſhape, . 

Theſe ſpiders lay their eggs one upon Another 
in ſuch manner that the mals they compoſe, 
has the figure of a flatted ſphere, or rather an 
elliptic ſpheroĩ d. Some of them glue their eggs 
to one another, by a viſcous matter wherewirh 
they are moiſtened, when they come from the 
ee ths but thoſe of others are left looſe. The 
inmoſt threads, which inveſt theſe eggs, are 
wound cloſer than the reſt, which are bur loo 
twiſted, much like the outward threads of the 
balls of filk worms. 

+ Moſt of theſe ſpecies of ſpiders ſpin a filk, 
which is fit for manufacturing; tho? what ſome 
of them may afford 1 is too | weak to ſuſtain a com- 
mon loom. | 
Spider filks may be: had of more verſity of 
colours than that of worms, which is always white 
or yellowiſh ; whereas the ſpiders balls, beſides 
white and yellow, afford ſky blue, brown, and 
a fine coffee colour. 

The ſpiders, which yield the coffee · coloured 
ſilk, are very ſcarce, at leaſt T have met with 
none, but in a few broom fields, where J like- 
Wiſe found tome of their _ the filk whereof 
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Auguſt and September, as M. Bop has obſerved ; 


do withal, viz. thoſe which afford a filk ;proper 


them very ſenſible, and two ſcarce vilible with- 
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is very ſtrong and beautiful, They are formed 
aſter à different manner from all the ſpider balls 
above · mentioned; the eggs are incloſed in 3 
brown filk looſly wound over them as in other 
balls; but this brown {ilk is itſelf incloſed in ano- 
ther ball of greyiſh ſilk, whoſe texture is very 
thick and cloſe, and much like what remains of a 
filk worm ball, when * of it has been wound 
The ſpiders lay eggs, and ſpin ilk to incloſe 
them in ſeveral months of the year, not only in 


ble ſome of them likewiſe in May, and others 
in the following months, thoſe which lay ſo early 
are ſuch as have ſurvived the winter; whereas 
thoſe M. Bon ſpeaks of, are only hatched in the 
ſpring, and conſequently lay their eggs my 
later than the former. 

Spiders, we haye already Gee, ſpin. two 
kinds of threads; one ſerving for a web where- 
with to catch infects; and the other only as a 
cod, or cate, to keep their eggs in; but it may 
be proper here to add, that the two threads only 
differ from each other by their greater or leſ 
ſtrength: and to explain how the ſpider is able to 
ſpin a thread of this or that degree of ſtrength at 
pleaſure, we ſuppoſe it already "roy that 
near the anus of the ſpider are ſeveral papillæ, 
which do the office of a wier-drawer's iron, and 
mould or. faſhioned the liquor, which paſſing 
through them, and afterwards drying, be- 
comes the filk. The ſpiders, we have here. to 


for manufacturing, have 6 ſuch papillæ, 4 of 


outa magnifier, being placed near the baſes of the 
two large papillæ nearett the anus. Each of the 
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6 viſible ones is itſelf compoſed of other leſs and 
inviſible ones, as may eaſily be ſnewn, by ſqueez= 


ing the belly of a ſpider between two fingers, till 
the liquor in the papillæ begin to iſſue forth, and 
then applying another finger upon one of them; 
for drawing it gently away again, ſeveral threads 
will follow it, all of them viſibly diſtinct from 
each other, from their very riſe, and which of 
conſequence muſt have paſt chro? different holes. 

Theſe threads are too fine to be well told; yet 
this I can affirm, that I have frequently . 


bove 8 or 10 ſpring from a fingle papilla: In 


effect, more or fewer of ſuch threads are drawn 
from a papilla, according as the finger is preſſed 
ſtronger, or upon a larger part of its end; whence 
it is eafy to conceive how the ſpider makes its 
thread finer or ſtronger at diſeretion; ſince not 
only the applying more of the 6 viſible papilla 
againſt a ſolid body, but even applying them 
more forcibly,” or a larger part of each produces 
a thread, conſiſting of a greater number of other 
threads, and conſequently bigger and ſtronger. 
There muſt be about 18 times as many threads, 
fuch as they iſſue from the holes of the papillæ, 
to make one of the threads of a ball, as a thread 
of a web. If the quantity of threads, which go 
to the one and the other, be proportional to the 


ftrength ; for a weight of 3 grains, hung to one of 


the threads of a web, ufually breaks it, whereas 

40 grains will not break a thread of their ball. 
But if theſe threads of the ſpider's ball be 
ſtronger than thoſe of its web, they are weaker 
than thoſe of the ſilk- worm 's ball, tho in a leſs 
proportion. A thread wound from one of theſe 
jaſt balls will uſually ſuſtain 2 drams and 23 anfl 
conſequently a thread of a ſpider's ball is, to that 
of a ſilk worm's ball, about as 1 to 5, which 
ſeems 
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ſeems to be another e of the aint nike 
above the new. e e eee 190141 ien, 
Indeed exchqhread of a FRO ball is flenderer. 
than that of à ſillc-worm's ball, nearly in the 
fame proportion as it is weaker'z but this hardly 
makes up for the diſadvantage, ſince the more 
threads, the more difficulty chere is in joining 
them ; to ſuy nothing of the danger, tha all:the, 
threads do not draw alike, and conſequently that 
their aſſemblage have not the ſum of the ſtrengthe 
each thread would} have a part. This multipli- 
city of leſſer threads, which beimpmbe anch thread 
of a ſpider's ſilk, to make it as thick as that of 
a ſilk-worm, may likewiſe contribute to render 
fach works as are made of this ſilk leſs gloſſy 
than thoſe of common filk ; for what we call 
gloſs or luſtre in a ſtuff. being only the effect of 
its reflecting more coloured light 'of any kind 
than another ſtuff of the ſame colour, the more 
rtle interftizes there is in a thread of ilk, the leſs 
gloſſy it miſt appear, ſince it will reflect the leſs 
light. Now dis obvious, that the little intetſtiees 
will be more numerous in a thread, thus compo- 
{kd of ſeveral different ones, than in another 
thread of the ſame thickneſs, Whecteir there is ne 
diſtinction; the parts of the viſcid liquor they 
are formed of, touching each other in more 
places than ſeveral diſtinct threads can poſſibly do. 
Suppoſing therefore each thread of ſpider's ſilk to 
be of itſelf equally gloſſy with that of a ſilk worn, 


tis certam, that when 5 ſuch threads are com- 


bined together, to make another of that natural 
thickneſs, of a ſilk-worm's thread, this com- 

d thread, and the work formed thereof; will 
be leſs gloffy than thole of che common fle- 


worm. N 
. This 
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This would be true on a ſuppoſition that each 
ſimp le ſpider's thread is naturally as gloſſy as f 
ſimp * ſilken thread 3; but this ſuppoſition is, per- 
— too favourable to the ſpider's ſilk, for we 
bind, that the more frizled a thread is, the 
leſs gloſſy it is found: thus we ſees. that 

wool, whoſe — are naturally more curly 
than thoſe of filk; is leſs gloſſy; withal. Now 
each hair or thread gr: ſpider's ſilk is certainly 

more frizled, than a hair of the worm's ſilk, 
and conſequently muſt have leſs luſtre. The rea- 
fon of this diverſity is evidently, owing to the 
manner of winding, or reeling the two; for in 
winding a thread; looſely, the ſprings. of all its 
little parts are left at liberty to act ,with all their 
ſtrength; and thus to bend or curl, it this way 
and that according to their ſeveral directions 
whereas, in winding a thread after a cloſer man- 
ner, the act ion of the ſpring of. the component 
parts is prevented, and even weakened by the 
violence of the new ſituation. This will be morg 
readily allowed if we can conſider, that the firſt 
threads of a ſilk- worm's ball, which themſelves are 
twiſted. in, in a looſer. manner round the reſt, arg 
much leſs beautiful and gloſly than . thoſe which 
form the boch of the ball, which are wound very 
cloſely. 

This fame Jake. manner wherein, the. ſpider's 
threads are wound, contributes on another 
account to diminiſh, the loſtre of the ſilk they 
furniſh, vig. by preventing their being wound, 
or reeled, as thoſe of ſilk-worms are and obliging 

the balls to be carded before they be ſpun; hence 
it is obvious, that the large threads of ſilk when 
they come from the ſpinner, muſt conſiſt of 
an infinite number of ſhort hairs, and conſe- 
quenely cannot appear with the beauty, evennels, 
Vol. IV. No. gs. 2 ang 
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and luſtre of another thread of the fame thick 
neſs, compoſed only of hairs, equal in length to 
itfelf, by reaſon all the ends of ſuch ſhort hairs 
muſt needs produce little inequalities in the com- 
paſs of the thread, which will weaken its luſtre. 
If any proof of this were needed, it were eaſy to 

'obſerve, that the ſilk even of the ſilk- worm balls, 
when carded, is much inferior to that ve * 


rectly from the pods. 


; Suppoſfing that only two of the bop bad 
furniſhed threads to make a fpider's web, and that 
each of (thoſe papille, which uſually furniſh 
threads compounded of ſeveral others, had only 
furniſhed ' a ſimple one, the threads of the web 
being 18 times weaker than thoſe of the ball; this 
Taſt thread, which we have already obſerved is 3 
times ſmaller than that of a Glk-worm, muſt con- 
fiſt of 36 hairs or threads at leaſt z this reflection 
may, perhaps, aſſiſt the imagination to conceive 
the prodigious diviſibility of matter; for, ho 
minute muſt a thread be viſible, notwithſtanding; 
to the eye, which is no bigger than the hundred 
and eightieth part of a ſingle hair of filk, which 
hair itſelf is only a two hundredth part of a thread 
of the fineſt ſewing filk ? For I have frequently 
divided ſuch threads into two hundred leſſer ones, 
ſo that a thread of ſpider's ſilk of the thickneſs of 
common ſewing ſilk, muſt really conſiſt of 3600 
„ branes and may be actually divided into 1000. 

A thread of ſpider's ſilk, compoſed of theſe 
36000 ſimple threads, may, perhaps, be ſome- 


what bigger than a thread of common ſilk, com- 


poſed of 200 ſimple threads, tho* the ſum of the 
bulks of the 36000 threads, and the 200 be the 
ſame, by reaſon it would be difficult, or perhaps 
Impoſſible,” to arrange ſuch a number of threads 


together, Without * ſeveral vacuities be- 


tween 
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tween them, by which the bulk muſt be in- 
creaſed s it is. for this reaſon that the {pider's filk 
has been thought to yield more in the working 

than the common ſort; but if it had been AE bo 


ed, that in return for this, it muſt be weaker in the 
1 proportion, inſtead of conſidering it as an 


advantage, people would rather have looked on it 


Z as à defect, ſince a large body of this ſilk will 


only have the of a leſs. body of the 
other. 

We are now come to * laſt point, viz. to 
conlider what relation the quantity of ſilk each 
ſpider will furniſh yearly, bears to that procured 
from a ſilk worm. By carefully weighing ſeveral 
filk worm balls, I find, that the larger kind 


weigh 4 grains, and the leſſer 3, ſo that ſuppoſin 
16 ounces to the pound, at leaſt 2304 worms will 


be required to produce a pound of ſilk, A perſon 
cloathed in ſilk little imagines, that ſeveral thou- 


ſand worms have wrought all their lifetime iP 
_ furniſh the matter thereof. 


I have weighed with equal care, a great num- 


ber of ſpider balls, and have always found, that 


about 4 of the larger ſort go to balance one ſilk- 


worm ball, and that they 3 a grain Ae 
piece; ſo that 4 of the largelt ſpiders would he 
required to yield as much ſilk as a ſingle worm 
affords, ſuppoſing there were no more waſte in 
one kind of ſilk than the other; but in reality the 
ſpider balls are liable to a conſiderable diminu- 
tion, from which thoſe. of the ſilk- worms are ex- 
empted. This diminution ariſes hence, that the 
ſpider balls when weighed, are full of the ſhells of 
eggs, from which the young ones have been 
hatched, together with a 5 Kinds of filth; ſo 
that calculating the diminution of theſe balls, we 
muſt deduct above two thirds from their weight, 


I a ſince 
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10 little, that it is compenſated by 
that of ſpider ſilk at to thirds of the whole. 


ſeveral months. 
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ſince from 13 ounces of foul ſpider filk; M. Bos 
bnly. procured 4 ounces of pure ſilk; whereas 


filk- worm balls undergo no diminution, or at leaft 


only ers 
It has been already noted, that a ſpider ball de. 


fore it be cleanſed, is to the weight of a ſilk-worm 
ball, as 1 to 4; and thererefore when cleanſed, 
its weight will be to that of the other, as 1 to 12; 


12 therefore of the largeſt Spiders will only fur: 


niſh as much ſilk as one worm; but each worm 


makes it ball, as being neceſſary for the metamor- 


Phoſis it has to undergo; whereas it is otherwiſe 


With ſpiders; for their balls being only made to 
lay their eggs in. If with the whole current of 
naturaliſts before M. Bon, we ſuppoſe their ſpe- 
cies to conſiſt of males and females; and not as lie 
does, take them for hermophradites, only the fe- 
male ſpiders muſt make balls; whence it follows, 
that ſuppoſing the number of males and females 


nearly equal, 24 of the largeſt pen will only 
afford as much ſilk as one worm. 07 


No leſs than 35296 of the largeſt ane hon: 
fore will be neceſſary to make a pound of filk, 
which ſpiders muſt have been fed ſeparately for 
In this view, their ſilk which 
ſeems to coſt us much more than it is worth, being 
at leaſt 24 times as expenſive as that procured 
from worms; and this ſuppoſing it were not ne- 
ceſſary to keep the ſpiders a- part; but that each 


Tpider would only take up the room of a worm, 


which however is a falſe ſuppoſition, for there 
muſt room enough be allowed each to make its 
web; if one were to purſue the calculus, there- 
fore, of what this ſilk would coſt, ſuppoſing the 
animals fed ſepara and a competent apartment, 
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allowed each, it would evidently appear that the 
Tpider?s filk; would coſt GRE Aur. nth than 
that of the ſilk- worm. 


iet it e dene 9 been hitterra 


ſaid, only holds of: the largeſt ſpiders; for if the 


eſtimate were made in the common garden ſpi- 
ders of this country, twelve of them would hardly 
be found to yield as much ſilk as one of the balls 
above- mentioned; 280 of them would only afford 
the quantity of ſilk contained in one ball — a ſilk 
worm, and ee 66355 32 re Soy 
one pound of ſilk. 

| Twill be thou ght pity, that ſock! little hope 


mould be left of benefitting by ſo ingenious a 
diſcovery; but there is ſome proſpect of reſources 


ſpiders may poſſibly be found, which ſhall af- 
ford more ſilk, than thoſe commonly ſeen in this 
country. "Tis confirmed to us, by the accounts 


of all travellers, that thoſe of America are much 
larger than ours; whence it ſhould likewiſe fol- 
low, that their webs and balls are proportionably 


larger. The ſilk-worms, which the natives of 
far diſtant countries have multiplied ſo much in 
Europe, may give us hopes, that the American 


ſpiders may likewiſe be propagated here, at leaſt 


'tis worth making the experiment, which alone 


ſhould decide in a thing of this nature; for my 


own part, nothing that any where relates to the 


preſent ſubject ſhall be omitted by me; tho' if 
any thing afeful. be ſtruck ny the Oy 9 
bn * M. y_ wage LATER. 9 | 
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which in the caves of the obſervatory, ſtands at 
the height of 530 degrees, and was then at 32 


taking it away, I found it at the height of 53 in- 
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XIV. Experiments on the eres of the wind 
with regard to the thermometer, As M, 
Caſſini the fon x. 5 


Among ſeveral phyſical Aenne that M. 
PÞP Abbe Teinturier, — arch-deacon of Verdun, has 
ſent me ſince his return from Paris; he has obſer- 
ved that when we raiſe a wind with bellows againſt - 
a thermometer, the liquor that is incloſed there 
in increaſes its height; which ſeems 'contrary 
to the impreſſion, that the wind makes or us, 
which is à ſenſation of cold. 
To examine, if it had the ſame effect upon our 
thermometers, I applied a pair of common be} 
lows to a thermometer ſhur up in a chamber, 
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degrees ; that 1s, two degrees above temperate 'z 
and after having blowed for 7 or 8 minutes a- 
gainſt the ball, the thermometer roſe 1 degree. 
I repeated the ſame experiment ſome days after, 
the thermometer was at 46 degrees, and it rol 
alfo a degree m the ſame time. * 
I made uſe of one of M. Amontons esa 
ters, which J had applied to the fire- place of a 
forge, where there had not been any fire fur 
many years. This thermometer roſe almoſt u 
line in the ſpace of 6 minutes that 1 blowechs⸗ 
I at laſt put the ams chenometer to the Gre- ; 
lace of the forge, where I left it for three hours 
or thereabouts. I afterwards took it away to fee 
at what height i it was, which I marked 53 inches, 
2 lines 5. I blowed againſt it for 5 minutes, and 


Dec. 13, 1710. 
ches, 
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Z ches, 4 lines; that is, 1 line + higher. 


it in its place again directly, and. after — 
blowed for 5 minutes, I found it at 333 inches, 
5 lines 4, Having in the laſt place blowed for 
5 minutes more, it roſe to the height of 33 in- 
ches, 5 lines 3; ſo that in the ſpace of. daf an 
hour, the thermometer roſe above 3 lines. 5 
We may offer for a reaſon of this e 
that all motion produces heat, and that thus the 
air being excited with violence, acquires ſome 
degree of heat; ſo in effect, it ſeems to cauſe in 
us a ſenſation of cold, becauſe the particles of air 
being driven with violence, apply themſelves 
with more force, and in a greater quantity againſt 
our bodies, which are war mer b the air r chat 
we breathe. | | 


XV. Weber n the thermomelen, U 
: M. de la Hire the ſen n. 8 


My father had formerly obſerved, that having 
covered with fnow the ball of a ſpirir of wine 
thermometer expoſed to the air, but not to the 
wind, the ſpirit of wine did not alter its height 
in the tube, and that afterwards having blown 
with a pair of bellows ſtrongly againſt this fnow, 
the ſpirit of wine had remained at the fame heights 
from which it ſeems, that we might concludethat 
the temperature of the air, which acts upon the 
ſpirit of wine, could not cauſe any alteration there- 
in, being ſtrongly driven againſt it; neverthe- 
Jeſs it has appeared quite the contrary, by an ex- 
periment related to the academy, by M. Caffini 
the ſon, It is to endeayour to diſcover the reaſon 
of this contrary effect, that we have again made 

the experiment that he has related, but in diffe- 
Dee. $970. | 
rent 
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rent circumſtances, and upon 4 thermometers; 
3 of which. were ſpirit of wine, and) the:4th an 
air, one of M. Anonton g. 1 . nouns H 
Non 27, 1710, about aa morning, we 
blowed with a pair of bellows ſtrongly againſt 
the ball of a ſpirit of wine thermometer; expoſed 
for a great many years in the caſt tower of the 
obſervatory, which is uncovered in ſuch a man- 
ner, that it is ſheltered from the wind and>the | 
ſpirit of wine, that was at 36 parts in the tube; 
which marks an air a little warmer than che be- 
ginning of froſt, having obſerved, that When it 
is at 32, it begins to freeze in the country, did 
did not riſe ſenfibly in the tube; we: had taken 
the precaution before we uſed the bellows to put 
them for 2 hours in the ſame place where the ther- 
mometer was, for fear that if the whole bellows 
were a little warmer than the air Which enters in, it 
might grow warm in them, and afterwards meet- 
ing the ball of the thermometer might heat it, and 
make the liquor riſe; and on the contrary, if the 
bello ws had been in a place where the air was coder 
than that where the thermometer was, it might 
make it fall, as we obſerved in blowing with 
the ſame bellows; and pretty ſoon after the above 
experiment, againſt the ball of another thermo- 
meter, which was in my fathet's cloſet, where the 
air was much warmer than the outward, air, where 
theſe bellows bad been expoſed; for the, liquor 
preſently ſunk about a line, and after wars roſe 
again almoſt to the ſame. height, altho' we eon 
tinued blowing. „ 7 „ 
We have alſo made another pe en upon 
an air thermometer, which was one of thoſe that 
M. Amontons firſt made for the experiment of the, 
heat of boiling water. Tho ball, which is at the 


bottom of the little bent tube, is very big, and 
has 
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had its lower part quickſilyet enough to furniſh 
the dilatation uf the airi of the ball; which makes 
it riſe into the tube that: is open at. the' pb and 8 is 
about 4 feet higli, ſo thavthe air does nat enter at 
all into due tue. oH e & n bow: 
Nov. 27, 1710, at 4 in tha; altem thi 
thermometer and the bellows having been in the 
ſame plate above g hours, and having marked 
exactly the: height & the quickfilver in the little 
cube we dee for g againſt the ball.Alled with 
air, c ee eng by 25 inches of quick- 
ſilver; ant: we did not obſerve; any alteration 7 
height in the quickfilver that was 10 the tubs. 
The next day, at 10 in the morning, we re- 
peated the firſt experiment upon the thermorae- 
ter, which is in che eaſt tower, and the ſplrit of 
wine dick not riſe ſenſibly; there was another ſpi- 
rit of wine thermometer near. rhat, the ball of 
which was much ſmaller, and the tube 51 
which we took away and put in a cloſe plate j juft 
by, | where there was a pair of denble bellous z 
and after having left it there 3 or 4 hours, we 
blowed againſt this ſecond thermometer: for. 75, 
with the double bellows, and the Ne of wine 
roſe lines in the tube 
e aſterwards took M. eee air thermo- 
meter, Which had been a great while in this pla 
and blowed againſt the ball, with the douhſe be 
lows for 5/ and the quickfilver alſo roſe 3 lines; 
indeed there were 3 Or 4 of us à little diſtant ng 
the thermometer, during the experiment. 
We were afraid, that the number of perſotis 
that there were had cauſed this effect; for this 
reaſon wie left the thermometers near one another 
for 2 or 3 hours, and afterwards with à common 
pair of bellows, we 1 for Te "ow of 
Vor. IV. NS. 36; - thi 
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the balls of both theſe thermometers, the ſpirit of 
wine and the quickſilver which were fallen again 
deo be kelghts that they weis before the preceding 
experiment, both roſe again about a line, but that 
of the ſpirit of wine rather leſs than the other. 
We were afraid it was becauſe we had begun 


Vith that of ſpirit of wine, and that che bellows 


8.2” 
4 1 
* 
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Were heated in our hands; for this reaſon, we 


1 #34 


left them in the ſame poſition, and the bellows 


"K 4 


near them, and at 6 at night we blowed again 


# , p , 1 & 


for 2/ againſt both the all;, beginning with the 


25 
£ 


ſpitit of wine thermometer, which role a little; 
but the air one did not riſe at all, 
We afterwards blowed- with the ſame bellows 
againſt the ball of a ſpirit of wine thermometer of 
M Amontons, which is placed in my father's 
Cl 


Gſet, Where the air was warmer than chat where 
i Tre 124 Cs "ef? pts 446 . a TAK 7 . 
the bellows were, and the ſpirit of wine roſe in 
the übe J of a line, and id not fall at firſt, as 


* 
8 8 TY 


it had-done the day before.. . 
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The 4th, at 7 in the morning, the air ther- 


* 


mometer and the great ſpirit of wine thermorme- 
a 17 > AGTH alli 3G ti og 3 Ei FN; eren , e 
ter, and the bellows having been alf night in the 
eaſt tower, we blowed. for 4 againlt t ball of 


the air "one, and it did not riſe at all; we 
then blowed- againſt the ball of that of ſpirit of 


wine, and it roſe about a line. Afterwards, we 


blowed "for aboye 4/ againſt the ball of, another 
ſpirit of wite thermometer, which is ſmaller, 
that we hat left near the windows of a lace juſt: 
by, which is cloſe and expoſed to the ſouth, the 
holes of the bellows being turned againſt the 
Windows, the liquor hardly toſe at alf; but by 
continuing ts blow, with the boles of the bellows 
turned che other way, it roſe more. 
At 2 in the afternoon, the ſame thermometer 
having remained in the fame place, N 
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the impreſſion of the ſun for 3 hours and 3, and 
che deln being laid in the place upon a ſeat 
about 6 er For the thermometer, the fun hay- 
ing alſo  Thined upon them, we blowed againlE 
| the ball of this thermometer, the liquor, fell more 
than 6 lines, the holes of the bellows nor. being 
turned againſt the windows, but upon turning them 
againft the windows, and continuing to blow, the 
ſpirit of wine fell again conſiderably, tho? the wea- 
ther was very hot, the {ky having been very clear all 
the day, and the ſun ſhining there during the exper 


—_— 


5 Ishin 2, iO is een TTIYE 
The 5th, in che morning, we carried the air 
thermometer and | the little ſpirit of wine one into 
the cave of the obſervatory, and after having left 
them there almoſt 5 of an hour, and the, bellows 
alſo, and having opened, and ſhut them for ſome 
time, that they might take in the ſame warmth 
as that of the air of the cave, we blowed for 55 
againſt the ball of the air thermometer, and the 
thermometers were a foot diſtant from one ano: 


ther, and as before, we blowed againſt that of 
air, we had alſo obhſerved the height of that of 
ſpirit of wine, we perceived that the ſpirit of wine 
dein dee I) "alſo riſen 1 line, altho' it had 


not been at all blowed againſt; we afterwards 


* 


blowed for the ſame time againſt that of ſpirit ot 
wine, and it alſo roſe about 3 lines, during which 
time the air thermometer did not riſe at all. 
We had taken. 505 precaution to carry them 


pened to the Bolonian ſtone and other phoſphorus. 


4 


Aſterwards we applied a piece of cloth two or 


K 2 mometer 
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mometer, and blowing violently againſt iti -it 
roſe only one line, and during this time the ſpirit 
of wine thermometer, which 2 at the ſame 
place, roſe 1 a line; we afterwards applied the 
cloth againſt the ſpirit of wine thermometer, and 
baving blowed againſt it for the ſame time, it 
roſe alſo 4 a line: but the air thermometer did 
not riſe at all during this time, any more than in 
the preceding experiment. il Srl 

Altho' in general, the experiments which v we 
have juſt related, ſeem to deſtroy the old one, 
that my father had made, they nevertheleſs fur- 
niſn a means of giving the reaſon of explaining 
the difference found between them... 

For the ſnow, which was up the ball of the 
thermom eter, and thro? which the air being driven 
by the bellows paſſed, was cald enough to chill 
the particles of air, a little leſs cold than the ſnow, 
which were applied in a large quantity, and in a 
little time, by the means of the bellows againſt 
the ball of. the thermometer, and had made the 
| liquor riſe. One can hardly. doubt, but that this 
is the true reaſon of this laſt experiment, and it 
ſeems, by the means of it, we may give the rea- 
ſon for all the differences that we have obſerved in 
thoſe that we have made. But before we abſo- 
jutely decide, we believe it is neceſſary to wait, 
till we have made the two following experiments: 
the firſt would be to blow againſt the ball of a 

thermometer, 8 very great cold; and the 
ſecond, during a very great heat, that we might 
thee: if what : ſhould happen in the extreme, was 
conformable to that which Pang in 5 about 
the mean ſtate. : 

The 16th, at 8 in the morning, a W of 
wine thermometer; and ſome water in a veſſel, 
a being put all night in the * Place, we, put. 105 
2 ther- 
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thermometer into the water, and after having left 
them there à good while, we did not at all ob- 
ſerve that the ſpirit of wine had changed its 
height in the tube; we aſterwards drew che wor 
mometer out of the water, we wetted a: gloth in 
this water, we applied it two or three times double 
upon the ball of this thermometer, and we blowed 
ſtrongly with a common pair of bellows againſt 
the linnen for 4 or 9, W Lite of wine 
changing its height. 10 

Having left the thermometer in this tate for 
an hour, we had a mind to repeat the experi- 
ment. We took away the linnen from the ball 
of the thermometer to make the ſpirit of wine 
take the ſame degree of heat, as the air of the 
place where it was; and in waiting till it had 
taken it, we had a mind to ſee, if, by agitating 
it in the air, there would not happen the ſame 
thing to it as by blowing upon it, which ſuc- 
ceeded; for having ſhaken it ſtrongly in the 
air for 87, the ſpirit of wine roſe 2 lines in the 
tube; afterwards having let it reſt ſome time, it 
did not change the height at all. We afterwards 
put it for 8“ into the ſame water where it had been 
at firſt, and the liquor fell about a line, but this 
was only during the 4 laſt minutes; we drew it 
out of the water and having applied the wet eloth 
to it, we blowed ſtrongly for 7850 againſt the cloth, 
and the ſpirit of wine roſe again to the ſame 
height that it was at before it Le been e 
in the water.. 

The tyth, at 9 in 5 morning, iche fame ſpirit 
aft wine thermometer having remained all night 
in the eaſt tower of the obſervatory, and ſeveral 
Pieces of marble which we had put there, we 

applied them to the ball of this thermometer, 
and in half an hour the ſpirit of wine ſunk in the 
tube 
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tube above à Tine, and afterwards: continuing to 
examine it, we perceived that it Was a littte riſen. 
During this experiment, the great ſpirit of wine 
thermometer, which is always in this tower, was 
riſen about 2 lines 4. This experiment would 
ſeem to prove, that che marble wee more than 


the Pirit uf dane. l e, 


XVI. Obfervati, ons on ths h le + egos i of bs 2018 
without yolk, vulgarly called cock's-eggs, by 
M. Lapeyronie, of the academy of Mont- 
pelier; tranſlated by. Mr. Chambers. 


The prejudices of birth and education K. 


quently feed people up in errors, even upon mat- 
ters of fact, which it is no leſs incumbent on 
academies to diſabuſe them of, than to ll, chem 


with win 4 991100 baflliks b and Sa is more, 
they 1 that the very looks of theſe bazi- 
liſks ſtrike e dead; yet the whole fable has 
75 no | 


" 
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® ont rick 1 Va ed alia minora, alia n 
minima quæ vulgo in Italia Centinina dicuntur & mulitres 
noftre bodie (ut olim] a Gallo edita & baſuiſcus Frodudtu: 
ra fabulantur. Vulgus (inquit Fabricius) putat exiguum hoc 
0VUM ee ultimum Gallinarum, cum Jam centum ova allina 
pepererit (unde Centininum wocant) quod fine vitello ei: ha- 
bet tamen cetera, ut chalnzas, albumen, ee 
corticem, verifimile enim eff tum generari, cum vitelli omne⸗ 
Jam in ova migrarunt, neque amplius n vitellario aliquis ſu- 
pereſt vitellus, qui in ovum evadere Pelſit t; ex altera tamen 
parte; albumin ne modlic um Supereſt : ex hoc enim modlico 
credibile efl voulum propoſutum creari. Harvæus in tractatu 
generationis animalium, exercitatione xii. de ovorum diffe- 


rentiis. 
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no other f ound than an ancient traditions;-whoſe 
falſity will be demonſtrated by che following facts. 
A farmer broughs; me- ſeveral, eggs, one of 
them bigger chan a pidgeon's egg f, aſſaring me 
they had, heen lain hy a young cock, Which was 
the only one in his yard, Where however, there 
were ſeveral hens; of this, he,; made ſo little 
queſtion, that he poſitively engaged, that in caſe 
I would haich any one af theſe, eggs, n, ſerpent 
ſnould ariſe from it; and to Convince me of this, 
he told me, I need only open one of them, 
which I ſhould find without any yolk,” and that 
in the room of yolk, there Wooly be the viſible 
figure of a ſerpent. 900 

”F opened one of theſe. 68855 in 1 the preſence of of 
M Bon, and ſeveral other perſons,” who were alt 
equally ſurprized to Had it quite void of yolk, 
and in lieu of yolk, to diſcern a body much 
ma a lie! twilted ng fs l "3 which [ 1 


© + + 


CES 


ſeen a 0 e "wot ge then be in diameter, 
and without thickneſs, ſituate on the membrane 
next under the ſhell, e N r the baue 
end of the <8B; wo | 


PD 


fey ec to examine - = aki maxtory: being ere 
that if they were lain by a cock, it muſt have had 
a peculiar, organ for the purpoſe; and beſides the 
 relticles and vo warde haxe been ivrniſhed, with. 


25 Plate I. Fig. 1. „ Fig. z ria erden 
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he aſſured” me, they were lain BF 1 ben, Wiel 


fiſt full of ＋ 2 water 9 5 


2 maren. 2 nens the 


1 an prod, This indeed is no more 
than ſeveral animals are in their kind ; änd we 
read ſo many accounts of ſuch ee Fae: ele 
was no 9561 difficulty in ſuppo ng, Prog? vis. 
might cNarice to be „ 

Upon this thought, 1 opened the y young ebek, 
which' was' ſup ofed to have lain the inte g 5 
and in the lt Sion 1 made of it, found two 
large tefticles, From whence aroſe very regular 
feed veſſels; "which terminated - each 1 in their ie, 
with a little yard in the c/oaca, The cock in 
fine was' found | very vigorous, but e inca- 
pable of lay int fer d want of organs. 

Upon this, I procured. fome of the egg 
be brooded on for hatching; but c ihe cap 
after a month's incubation, J could Abd ng al- 
teration in them, excepting chat the white bi | 
more divided, and alſo more fluid than uſual. 

The farmer having now no cock was ſurp Fizec 
to find a continuation of the ſame eggs, and be: 
ing very ſolicitous to find whence they ſhould 
ente watched them. ſo narrowly, that at length 


* 


2 . 
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he brought me accordingly. | 

All the time I kept this den 1 found it crow 
very ſtrongly, much like a cock that was hoarſe: 
and that ſhe voided by the anus a thin yellowiſh 


matter, not unlike the yolk of an egg dilated in 


water, and ſhe ſtill continued laying little e885 

like thoſe T had opened. 2 
Being ſatisfied of theſe facts, nothing remaĩne. 

but to diſcover the cauſe, which accordiogiy 1 


ſought for in the vi/ſtera of the hen, and thei 12 


the academy a bladder about the bigneſs LE 
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neck G, to the Pte EE, whereby the ovary 
is fixed to the mouth of the oviduct, and by the 
Jower root to the centre G of the meſentery of 
the ovidu@, which 'choaked. as it were the two 
parts of the oviduct thus graſped by FF. 

This ſort of dropſy pinched 9851 two parts FF 
of the Oviduct ſo cloſe, that their cavity, even 
when moſt diſtended, was not above fiye lines in 
diameter; and conſequently à common egg. ſuch 
as they are when they fall into the tube, could not 
paſs without burſting either the oV iduct or itſelf. 

The belly was full of a yellow liquor, wherein 
little concretions were found floating like pieces of 
hardened yolk, which formed another very ſin- 


gular ſpecies of dropſr. 
Now the large bladder full 52 water was the real 
cauſe of all theſe effects. When an egg 


graſped by the mouth of the tube became ſeparated 
from the ovary, and entered into the oviduct, it 
paſſed along, tho with ſome difficulty, beyond 
the firſt choak, but could not get beyond the ſe- 
cond, both as it was cloſer than the firſt, and by 
reaſon the white of the egg had been enlarged by 
an acceſſion of moiſture, furniſhed from the mem- 
branes of the tube it had paſſed by: thus the egg 
being impriſoned between the two choaks, irri- 
tated the membranes of the tube, which not being 
able to expel it, fedoubled its contractions, and 
obliged the hen to give itſelf. violent throws and 
ſtruggles, which it expreſſed by a. ſort. of cry, 
imitating, as already has been obſerved, the crow- 
ing of a cock. By theſe ſtruggles the bladder of 
water was compreſſed, and thruſt cloſe againſt its 
hold; the effect of all which forces Was, that the 
egg, whoſe membrane was yet very thin, and 
which have but very little white, and no ſhell, 
burſt; upon which the yellow run out ſornetimes 
Vor. IV. Ne. =. into 


into the abdomen, and ſomet 
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es into the anus, 


according to the ſituation of the chink, or 
ture; and both the one and the other oo befallen | 


this hen, as we have already obſerved. '! 


The bulk of the egg being thus di -niniſhed by 
a loſs of a great part o the yolk, came forth not- 
. che choak, and WAS at Inge deli- 
vere OY 
It is obſebvatle; that the! white mg the 
yollc filled notwithſtanding its being pierced in the 
part whereat the yolk run out; and conſequently 
its wanting the tenſion, one would have thought 
neceſſary for its growth; for ' notwithſtanding all 
rhis, the humour furniſhed by the membranes of the 

* oviduct, continued to fill and ſwell its ſpunge- 


ous parts; and in proportion as it ſwelled, it ex- 


preſſed the remainder of the fluid matter of the 
yolk, which could not withſtand by reaſon of its 
iſſue; and therefore commonly was evacuated al- 
moſt wholly, only leaving ſometimes a few traces 
in one of the corners of the egg, under the form 
of a yellow ſpot. It might ſometimes alſo happen, 
that a little part of the yolk ſhould be left in a 
body, though I have never found it ne in Ne 8 
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| ® Several perſons pretend, that: — 3 "of the. ma 
furniſhed. by the yolk. This obſervation demonſtrate: not 
only that the yolk is not the ſource of the white (for how 
could the yolk, which increaſes rather than diminiſhes whe 
oviduct, be ſufficient. to produce the whole: ſubſtance! of the 
white, which is of a much greater dimenſion than 

elf, if it did. not. —_—_—_ elſewhere ?) but Ay. th 5 0 
liquor which makes it, does not paſs through t yolk, but 
after having paſſed through the exterior Weben ths eggs 


it enters immediately into the ſpongious body, where it ſtops; 
if this was otherwiſe, the humour of the —— * 1 5 | 
ly * an the rd and WE I 
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White the. yolk was emptying, in itſelf, by little 
"and little, the Ghalazas ranged themſelves diffe- 
rently, according to the place where the egg had 
burſt; if the rupture were aſide of a Chalaza, the 
cells about the oppoſite chalaza ſwelling, choſe 
the other which fallenedk itſelf to the obtuſe end of 
the egg as meeting there with the leaſt reſiſtance ; 
accordingly I have frequently found it faſtened 
in this part, and ſometimes even de my the 
ren ſpot. Em 21 \ 7441 
But When the aperture happened. in a Hirt n 
the yolk equally diſtant from the two cbalazus, 

they then wrought in coneert to expel the, yolk; 
anch aſter this, reunited in the centres of the egg, 
by the contraction of the membrane of the yolk, 
to the ends whereof. they are ſtroagly faſtened, 
which made the reſemblance. of a ſerpent much 
Ton twiſted than when there Was phiy, ane cha- 
nne 

Aſter the y yell bad bens jotirdly mmm and 
ee. followed by the moſt fluid part of the white, 

ts aperture was ſoon cloſed up, and cicatrized by 
the viſeidity of the white, as well as by the fatty 
matter —.— over the inſide of the oviduct; and 
even by the humid matter of the egg-ſhell lodged 
at the bottom of this duct; 

I have collected ſome of this humour, and ex- 
poſing N t a gentle heat, it formed a ſubſtance | 

perfectly like the ſhell. 

There is a great probability, that part of the 
white went away with the yolk, ſince there was 
only about a third fo much white i in one of cheſe, | 
as in a common” egg. | 
l have ſometimes found the cicatriæ of the aper 

ture of the membrane wheteat the yolk had iſſued 
ſo cloſely faftened to the part of the hel cor- 


n to it, that one could not have ſepa- 
LM rated 
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rated it without tearing; - which» was not the caſe 
in the reſt of the circumference. ,© 5 107 2968, 

If hens ſometimes lay eggs without ſhells, it is 
owing either to ſome diſeaſe, which irritating the 
tube, makes them expel the egg before its time; 
or too great a fecundity, which will not give 
them leiſure to ripen them all; ſome hens will, in 
the ſame day, lay a perfect orderly egg, and an- 
other without a ſhell ; add, that the want of a 
ſufficient quantity of chis humour which forms 
the ſhells, may in ſome hens be a cauſe thereof. 
It is poſſible likewiſe for a hen to lay eggs like 
thoſe here deſcribed, when by the — of its 
ſtruggles to be delivered of it, or by ſome other 
external cauſe the yolk of the egg happens to be 
burſt in the oviduct; but this cauſe not being con- 
ſtant, the ſame hens may at other times wy well 
conditioned egg. AHH 555 1 

Such choakings or compreflicis which utterly 
prevent or annihilate the young ones in the ovipa- 
rous kind, by withdrawing the matter of the nu- 
triment, would only render thoſe of the viviparous 
kind monſters, by reaſon theſe do not carry their 
nutriment with them, but find it in the womb. 
where they are going, provided ſuch compreſſion 
do not deſtroy any part eſſential to the life of the 
animal. Hence we are not to be ſurpriſed, 
that theſe you furniſh _— more emden than 


the former. M ee eee $8199) Ille 
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Plate I. fig. 1. repreſents an egg without yolk; 
of the natural bigneſs, covered with itsſnell, N 
one = hoy acute, and the other obtuſe. = 
Fig. 2. repreſents the fame egg opened. 

AAA the clear white. 


BB 
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BB the thick white, in the centre of which = 
pears: the bald, or Ene of the pretenided fer | 


Pent. FI” *17 IEA 3 WAS 8 R Ji 2 fats 


Fig. 3. repreſents n chalaza taken from 
the centre of the thick white, and viewed through 


a microſoope. H et! i 
Fig. 4. ſhews the inſide of thehelly of the den; N 


which laid the 688 ne in the preceding! 


figures, ip 1 S & * ne 771 | 
AAAA het ovary. ; 1 Fe 771 J. wh | 915 5 7 4 2. * 
BBBBBBBB the oviduſ t. 


CCCCC the preternatural bladder” filled with 
clear water, ſituated in the middle of the abdomen, 
laid on one ſide to diſcover its faſtenings; it co- 
vers a part of the * ang ee it in the ö 
2 places marked FF. uh 7 

D the expanſion, or entrance of the ovidu.. ; 

EE the ligament, which faſtens, he lacks of the ; 
right expanſion of the ovary. 4 

FF the ligament of the neck of dy bladder 
8 RS ranges two yon of the: ovi- * 
6 ua 
| GG the fifening of the ligament che dpper 
one to the ligament EE, and the lower one to the 
centre of the meſentery of the oviduct. Avr 

H the cloaca in which are ſeen. two apertures; 
one of which correſponds with the! — and 
che other with the imeſtine. 2 1 161 

IIIII ſeveral yellow concretions, Ted in : 
the abdomen, Telembling adn o the e yolk. of A 
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v0. ; Acom varifin of the objervations of the 
_ echpſe of the moon, Feb. 13, 1710, Made 


in Affen Places, by. M. Mataldi“. 


We have com pared the cherten 0 this 


eclipſe made at Montpellier, by Meſſ. Plantade 
and de Clapies, with theſe which are made at the 
fame time at Verſailles and at Paris ; =o bak 18 
the reſult of them. = 2 et Ae 


If wel of Gu * x . b 


11 1 5 5⁰ Alt Ge Git vi, the ſhadow. at 


Montpellier. 05 


="Farles. © © 
* 1 59, Difference of the meridians between 
n Verſailles and Montpellier; but Ver- 
a os 1 8 . is more weſterly than Paris by 
. 50 of time; therefore the difference 
1 io of . the meridiahs between Paris and 
<> Montpbblies, is 6. Ot ” 
| I, The eclipſe was 8 dic its at Mon! 6 1 
na 45 The faune phaſe at 2 5 4 
4 51 Difference, of the meridians. 


11 32 40 NE eclipſe is 7 digits at Hagel | 


28 oltis7 ECTS: 

4 40 Differeric S of the meridians. nt 

11 29 o Ceperniens out of the ſhadow at Moni- 

pellier, 

11 22 © The ſhadow: quits Copetnitus at Ver. 
ſailles. 

7 o Difference of the meridians beten 

Montpellier and Verſailles, and be- 

tween Monipellier and Paris, 6 10”, 


2 March 12, 1710. 
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11 42 9 The ſhadow at tho edge of Mandi 
„ Montpellier, | Fat: 3 8 
11 56 15 The ſhadow at Mena s.. 
45 Difference of the meridians bares 
Montpellier and Paris. Re 
II 47 2 Pliny at Montpellier, 3 
10 40 © Pliny begins to emerge at Perſailles. 
2 7, 2 Difference of the meridians between 
Verſailles and Mont pallier, and ba- 
tween Paris and Montpollier 6¹¹ 25 
. 1 by this obſervation. 
11 47 2 7 at MU. 
11 41 20 The ſhadow " Pliny ablerved at 
8 | 
5 42 Difference of the meridians. 
53 18 All Tycho out of the ſhadow at Mont- 
pellier. 
47 10 The ſhadow at the fcond border of 
RR. T #3 oo Os 
6 8 Difference of the meridians, | 
12 12 24, The eclipſe is one digit at Montpellier, | 
12 8 O The ſame phaſe at Paris. 
4 24 Difference of the meridians, 
12 18 10 End of the eclipſe at Moni pellier. 
12 12 20 End of the eclipſe at Paris. 
5 30 Difference of the meridians betwean 
Paris and Montpellier, | 
12 11 30 End of the eclipſe at Verſailles ©— 
6 40 Difference of the meridians between 
Verſailles and Montpellier. 
By the compariſon of theſe obſervations, the 
ſpots of Grimaldi, Copernicus, and Tycho, give 
within ſome ſeconds the ſame difference of the 
meridians between Verſailles, Paris, and Mont- 
pellier; and that of &' 10” which reſults between 


Montpellier and Paris, agrees with that " 
3 1 oy 
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chat has been —— . theſe 2 * I 1 


erer ade fame f he 2 . E 
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bſcrvati s of t 

Jupi th place, and by fl 
1815 of | dial The di ifference | 
meridians which reſults between Paris and 7, er- 
Jailles, by the ſame obſervations, is alſo the ſame 


8 2 2 „ ny 


the ſecond limb of theſe. ſpots being well diſtin. 

iſhed. There is not the fame exactneſs in the 
ff ference of the meridians: which reſults from the 
ſpots of Pliny and Menelaus, obſerved at Paris 
and Montpellier ;, becauſe as theſe ſpots have ſame 
breadth, they have not agreed perhaps in Mark- 
ing the arrival of the ſhadow at the fame term of 
the ſpot, as they have done in the ages of 
the former ſpots. . © 
The difference of the meridians which Fils I 
from the determination of the digits eclipſed, is a 


| little more than that of the ſpots z which ſhews, 


that we muſt not make uſe of youu ſorts of gbſer- 
vations in the finding of longitudes, N wheh 
we have no obſervations of che ſpos. 
Laſtly we ſee, that in the. determination of the 
end of this eclipſe, all the obſervers agree. within 


about 4 a minute, tho? they are not -exatly 


agreed in Faw Wee 51 the — 6 


8 * 
ut * # 4 
# . d 5 4 = 
N 
— 


L * 

5 Th IP | or * 1 * 19 Sh 
PAPERS e in * jr oe: wenne 
of the Hisrokv and Mzmorrs of the 
RovAL Acaptny of | Serrncks at 
Faun, for the Year Mypcexi. 55 7 


* 4 "og % * 


2 
ie 


In the) Hl STOR \ he 1 200 
JN the' con 


oimunication of Af ln water. 
It. ' On the cal 0 the varialion EN the 54. : 
11; The lebe if a natural grotto: nar ro- 
ligno in Italy. 
W the alan of the depth, if ſnow in 
| ting. 
V. * the olours F, bodi: es melted 5 the burning 
VI. - Of „le for a rat. V 
. Of @ ſalt Found in the water ＋ Alcheil. 
VI It. Of a ſurpriſing ſwift in the motion / 
1 8852 invjſible inen. e . 
ervations un ome uppies aftily. 
r . 
XI. On the manner in (dee ſeveral forts of ſhells 
es faſten themſelves 10 certain bodies. 
A O's WRT . Ts 


Vor. IV. No. 27. 


III. Experiments to know whether the Rrepgih 


Iv, Remarks an ſome cole; ours, 5 M. de la Hire, 
V. Refle . 


VII III. New, experiments en Ide dilatation e | 
5 I 77 Swizerland 


33 ATA @&; 


che MEMOIRS: | 


I, erden on the beigbt of the water, which 
fell at the obſervatory during the year 1710, 
toi ih thoſe on the thermometer and 3 

1 6 M. de da Hire. 363 een enen | 

II. A compariſon of our obſervations on the height 

of the rain-water, and an the barometer, with 

' thoſe which M. Scheuchzer made at Zaricks in 


Swizzerland, during the year 1710, by M. de 
la Hire. ODS 


2 cords, exceeds the ſum, of the forces g 5 | 
_ the threads which compoſe them, by. "> | 
Neaumur. 1 


ſacdions on ſome new obſervations of F. Feu 
Ne de in the Weſt-Indies, extra#ed + am 
2 letter ar to Pes Comte de Po [ char- 
train, from Lima, D „1709, 
_ Caſſini drow 1 Saas oe 1288 +6 

v1. An extratt of ſeveral ae ma. le by 1 
Feuillet in tbe Weſt. Indies, by M. Calihi 


v. ” . on the. thermometer, 2 M, + 
la His the ſon. 98 ah . 


air, made by. M. Scheuckzer on the mount arms am 


1 with. reflections KO, them b 


IX. RIDE, of ſome. ep, of YR 5 170 


and fixed. ſtars by the. moon, made. in_ſeveral 


places, compared together to determine the dif- 
ferences . tbe, e, 5 M. Caflini os; * 
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WITS SE © 


I. On FY communication of a air in ae, 


XE know that che water is s quite” fined and 
Vim pregnated with air. As foon as it is 
in vacuo, the air which it contained, diſengages 
itſelf, and goes our, in an infinite. namber of 
bubbles. The mechaniſm of the reſpfration 
fiſhes, confilts' only i ang from Me Water, 


©» 4 


had 4 bind to fe wat ,ower obiges it to _ 
therein, and whether it enters with x velocity pr 
ER ro the force with which this power . 
8 * ein s n 8 4H 1 % 
F For this purpoſe, they took a crocked gal; 
tube, with unequal branches, the longeſt of witich 
being hermetically ſealed, was twetit = four inches, 
and the ſhorteſt three. They y poured water in it, 
incliningi it, but did not fill it inrireh/; ſo that 
when they afterwards placed it vertically, theres 
happened to ft the ſame thing,” as to a tube not 
quite filled with quickſilver. There Was at the 
top of the long branch, ſome air & little dilated; 
it occupied four inches, and the water kept up at 
ſixteen inches, nine lines, above the water of the 
little branch: theſe four inches of àir, and theſe 
lixreen inches, nine lines, of water, made there- 
M 2 fore 
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Fore an eguilihrum, with the:intire column uf air 


which preſſeti upon che little branch; and as they 
had taken the time hen the hatometer was in its 
mean height, this column was etſuivalent to 25 


inches of quick - ſilver, or thirty-two feet of nter: 


which are three hundred eighty- four inches: con- 
ſequently the faur inches of air ineloſed in the long 
branch, made an eguilibrium with three hundred 
ſixty- ſeven inches, three lines of water, and werd 
more dilat by wan the outward air in the ratio of 
three hundred eighty- four, to above three hundred 
ſixty- ſeven. 1 5 
me thing, more preſſe than that of the 
long branch, ought thereforg to enter into the wa- 
ter, to paſs, into the long branch, to riſe always 
weight, and make the ſixteen inches, nine lines, 
of water, fink. To make the outward air enter 


Into the water in a greater; quantity, the little 


branch opened into a glaſs phial, which preſented 
o the air, a pretty large ſur face.. 


* 


This was done the 16th, of March, 1710 and 
the crocked tube was left in experiment. Meſſ. 
de la Hire fully expected, that the water of the. 
long br anch would fink, f as they had ſeen it hap- 
pen to that qf a water: harometer which they had's 
they. believed alſo, that beſides its deſcending in 
general, hy the introduction of a new air into the 
top of the tube, it would havę ſome particular va 
riations of height, by the ſame cauſes With che 
barometer, and. thermometer but the event -was 
abſo'utely CONETAry. to all, that could be foreſeen! 
At the end of three months, the water was rien 


* 
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about four lies in icthe / tube; and the th f 
Derember it wadoamcntire inch % that the, 
——— incloſed m it kad loſt of its bulk. 
The variations of the heatꝭ and of the gravity of 
the watmoſphere had not any effect upon ts ; 
water) ont 1wot-yidgo byyibrivd 99103 91h 0318» 
Meſ::derfa Hire do not yet undertae to er 
plain ſo unexpected and ſo odd a Pasomegen, Ic) 
They / labour ©10-vclear Sit by other exp. N 
N en oddneſſeꝭ | 
wonders, 539911 9v008 Of A A le gabe 99 0 
510% 1 t- * f 
ll. 02 the — the deri if 1. : 
rometer; tranf/a ed by Mr. Chathbees.” * 
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base dene from the barameter, „beter a 
rains, or is about to rain, the air uſnally "becomes" 
lighter than before. "Now *tis ealy” co'linagitic, 
that iÞthe air become lighter, it mitt fan; for 
chat ehe little inſenſible molecules of Water diffuſed 
in valt gaantities through all parts of the air, be- 
ing no longer gerne fltaned, ben the air 
has Joſt parrof its weight; 'miuſt of eourſe begin to 
fall; and by this fall, united together, orm Ace” 
of rain.: 4 in the de ecklver of an ait ipump, after 
abbut᷑ half of the air is exhauſted, and 5 an 
ly che weight of the Whole diminiſhed by Half, v. 
find little fhower trickle down. But then, 
hoi Ces tlie ait te Joe its weight ? Pie ler ! 
might"be, that where it rains, the Winds have 
drive part of it elſe chere 3 but M. Leibnitz, in a 
letter vo the Abl. Ben, 5c er e 
entirely new. GU Sil in YV 0 Iſh. 181 

He aſſerts, that a foreign body iy imiierged in 
fluid, weighs with that fluid, anc Het To 
its whole weight, ſo long as it is Mete Pete 1 
but 1 if it ceaſe to be ſuſtained, and conſe- 


quently 


1 
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ntly begin to fall, its wei 
7 den that of the fluid, 
becomes lighter of eourſe. . The applica 
tion of this, to the molecules f water, is caſy; 
they increaſe the weight of the air while it fuſtams' 
them, and diminiſh it when it lets them fali; and 
as it ma pen} happen, that the higher mo- 
cules of water ſhall fall a confiderabte” time ere 
they join the lower, the weight of the air will be 
diminiſhed ere it rain, and che barometer” will 
foretel it. 

This new principle of M. Laibnirz i is very ab 
priſing; for a foreign body immerged in a fluid, 
whether it be ſuſtained therein, or not, muſt ſill 
weigh,or gravitate. And can its weight bear on any 
other bottom, ehan that which fupports the whole 
fluid? Does this bottom ceaſe to bear the foreign 

body, becauſe it falls? And does not this body, 
even in its fall, continue to make part of the fluid 
ſo far as it regards its weight ? By this account, 
while a chymical precipitation is proceeding, the 
whole matter muſt weigh leſs than it did, before 
the precipitation began, which f Is more chan was 
ever yet obſerved. | 

But notwithſtanding all theſe objections, 6 the 
principle will ſubſiſt when cloſely examined. What 
ſupports a heavy body is preſſed by it; a table, 
for inſtance, which ſupports a lump of iron of a 
pound weight, will be preſſed by it; and will 
only be preſſed, becauſe it ſuſtains the whole 
action and effort, which the cauſe of weight, 
whatever it be, exerts on this lamp of iron to 
drive it downwards ; if therefore the table yield, 
and give way to the action of this cauſe of 
weight, it will no longer be preſſed by it; and 
conſequently will not bear any thing: after” the 
ſame manner, the bottom of a veſſel containing 

a 
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2 fluid, oppoſes the whole 2 of #8 cauſes of 


gravity, on that fluid; and if a fo body float 
therein, the bottom will 8 the ackion of 


the cauſe of gravity, theneon: for that ſuch body 
being in equilibri0. with the fluid, is as to this re- 


ſpect, a real part of it: thus the bottom is preſſed, 
both by the fluid, and the foreign body 3, and it 
bears them bath; but if ſuch 7 fall, it e 
to the action of gravity; and cor nſequentiy the 
bottom does not ſuſtain it, nor will ſuſtain it till 
the body falls upon it, during the time of the fall; 
therefore the bottom is caſed of the weight of-this 
body, which is no longer bare by any, thing, but 
impelled by the cauſe of gravity, which nothing 
hinders it from yielding to. 

To confirm this doctrine, M. Teinbitæ pro- 
poſed an experiment. To the two ends of a 


thread faſten two bodies; one of them . | 


and the. other lighter than Water; but 20 5 as that 

both together, may float on the water: theſe 
in a phial full of water, and ſuſpend 1 ohial 3 in 
a balance, where it ſtands exactly in, equilibri 
with another weight; then cut the thread whic 
ties the two bodies together, and the heavier will 
begin to fall. In this, caſe he holds, that the 
phial will no longer maintain the equilibrium ; 
but tbat the weight. which before was equal to 
it, will now prevail, and make it mount by rea- 
for the bottom of the phial, which bears the whole 


weight thereof, is no lefs. prefied than before. 


It is evident ſuch phial. muſt be of, a ſufficient 
Jevgth, that the falling body may not arrive at 


. 


the bottom, before the Wd, have, had. time to 
mount. In chymicsl: precipitations. the veſſels are 


©2600 


not deep enough, or the. matters Pregiplcare too 


Jaſtily, or ſometimes even top ſlow ly, torthee ffect of 
this principle to appear, fo that the falling pars 


3 are 
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always, as to ſenſe, in equi: lihrio, with the li- 
qupe which contains them ue wo! b Dh vfl 
M. Ramaz ini, a celebrated profeſſor at Padya, | 
to vhom M. Leibnitæ had; ; prapoſed- his experi- 
ment, made it with. ſucceſs after a few fruitleſs 
tryals, and it ſucceeded in the ſame manner with 
M. de Reaumur, to whom the academy de 
the care of making it, ſo, that we have here a 
new view in philoſophy, which. tho it ariſe — 
a principle well known, is yet very ſubtile and ab- 
ſtruſe; and may give us room to apprehend, that 
in ſubjects which had been the moſt onde 


many — übel u sn, 2 hen 
1370018 16H (54 BO er 7% 4 5 
UI, The deſeript on ffi 4 — grotto ear 
Poligno, in Italy. 2247 


M. Maruldi has given che deſeription ** — 
wich] grotto; which has been found in making 
the foundation of a houſe, that M. le Marguss 
Eliſei built three miles from Faligno, in {taty, 
The figure of the grotto is irregular; its greateſt 
height, which is unequal, is thirty or 

and ten or twelve paces broad. The walls of it 
are formed by a fine incruſtation of marble, of a 
pale yellow colour; and they are raiſed from 
ipace to ſpace, by columns in baſſo relieuo, of 
the ſame marble. From the top of the vault 
there deſcended other like columns, ſome quite 
to the ground. which were twenty-five feet long — 


the — at different diſtances; and the ſha 
were only two or three feet: their — were 


alſo of very alifferent ſizes... Among all theſe. di- 
verſities, there was a remarkable regularit y. The 
height of the walls, and of the columns, both of 


thoke that are placed e due walls, ande 
the 
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thoſe which deſcended from the top, provided 
they deſcend low enough, is divided into two un- 

equal parts, by a cord which runs througli the 
whole; and is in the ſame horizontal Flane raiſed 
about four feet above the floor. All that is above 
the cord, is more equal, and uniform, and leſs 
rugged than that which is below. From che cord, 
the columns grows thicker to a certain diſtance; 
after which they grow leſs. In this ſwelling, 
M. Maraldi found the circumference! of the c 
lumns to be thirty inches; whereas it is only 
twenty-two above the cord. This floor of the 
grotto is unequal, and formed by braad and thin 
ſlabs of marble, placed one upon another; and 
ſometimes in ſuch a manner, that they make little 
arches, which, by walking 0 them, ſink i in, 
and break. 

As there is near this place a river; the waters of 
which have a ſulphuroùs taſte, and ſmell; M. Ma- 
raldi believes, that theſe waters in filtrating thro? 
the earths, may have brought away ſome clay, or 
ſand, which being mixed with ſome ſulphur, may 
have formed all the petrifications of the grotto 
for he obſerves, that the ſulphurous waters of Fi- 
voli have always a number of little ſtones 3 tha 
aſſemblage of which forms a ſort of Travertin g 
and that probably theſe waters have produced 
them, fince the common opinion ofithe workmen 
is, that this Travertin increaſes ſenſibly. Same 
finer ſands which have Been brought ati firſt, have 
made the petrefications which are above the cord. 
more equal, and more perfect; after wards, ſome 
coarſer fands whicti have paſſed tho ce p aths, 
which the firſt had opened, perhaps-alſa- — 
with too much water, to give it an eaſier ꝓaſſage, 
have made the lower petrifications, leſi uniform, 
and not ſo well wrought, 

Vot. IV. 37. The 


of marble were the plants, this of Faligno will be 


: 6.0 vol. TI. p. 419 of this i abrigmen 5 
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The grotto of Ant iparos, which was ſpoken of 
by the late M. Tournefors in the memoirs Qt 
1702*, was alſo full of pieces of marble-; but 
they came out of the a and raiſed rel 
upwards, And if, as as we have ſaid in 


hiſtory. of 1708, chis grotto in the hypotheſis — 


M. Tournefort was a garden, of which the 


alſo a garden, but inverted fince pr plants, grow. 
ow. its arch, and deſcend in ET 105 
co 


IV. On thereto are of frow fo 


melting. 
9 to M. de la Hires 6 


hve melted, is reduced always to the fifth or 


fixth part of che height that it had. The night be- 
tween the 1 3th and 14th of February, this year, 
there fell ſome ſnow, which was reduced to th 
of its height; that is to ſay, in melting it dimi- 


niſhed as much again as uſual: the reaſon of it is, 
as M. de la Hire has obſerved, that it was very 
fine, very thin, and all in ſmall flakes, andl ex- 
cellively dry; which ſupporting themſelves, one 


upon another, occupied a great deal of ſpace. Be- 


cauſe of this dryneſs, it faſtened but little upon 


the houſes; and that which fell upon the north- 
fide, from whence the wind came, was entirely 
carried away, akhough ors fell dx or e 
inches of inow. - | 
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cus of a burning Hts; ap. ea to the naked e: 
only under the 5 zur of ght; and with a 


dig 1 Priglitnefs, are feeh nt their natura ry 
"Tours, if "they are viewet hight 4 {moaked 
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M. Homberg has "proved: that the glew of 
cheefe, whieh is proper for-glafs, is of no-uſe for 
Ne- n e ee, 


| SR 01: 37 7 emmy 401 to Haier un 
I. 0 * 4 e frund in the" waters" Y 
F 'S | i 792 Arcue: Il. Neri 2 10 p* 
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nber 1 „10 M. * wy Hire 0 "—_ 

having a mind to make ſome ere, had 
with the water of Arcueil filled a bottle; in which 
there had been wine; but it had been rinfed with 
two or three waters; he put a piece of lead in it 
as big as a nut, and after wards ſtopped it well 
with a cork. He left it without touching it, in a 
place where the ſun did not ſhine, and where 
there was no fire made. In January following, 
he looked at his bottle, and perceived that upon 
the convex part of the bottom of the bottle, there 
was a little white body, as big as a pin's head, and 
and ſome days after, not having removed the bot- 
tle, he ſaw that it was a grain of ſalt of a cubic 
figure, and that it began to form ſeveral others 
„ round 
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round it. They continued forming themſelves 
till the end of May, when there was about twenty 
of a middling ſize, and as many ſmall ones. M. 
de la Hire drew ſome of them out of the bottle 
without emptying it, and he found they had the 
figure of the ſea-ſalt, and a little of its taſte, 
Having kept them ſome days wrapt up in a paper, 
he — that they were become white inſtead of 
tranſparent, as they were before, that they were 
almoſt-al all reduced to powder, and calcined of 
themſelves ; and that thoſe which were not ſo, 
fe, broke, and den a my fine white you | 

Er. 72 * 5; 

As the water of Areag produces a — craft 
in the channels where it runs, we might believe, 
that the matter found in the bottle was of the 
ſame nature, but it had a taſte, and caleined in 
the air, two qualities which the other has not. 

We know that lead diſſolves in vinegar, and 
M. de la Hirs ſuſpected, that ſome acid particles 
of the wine which had not been „* Ly in 
waſhing t 


theſe little * grains from, it; A but if. they had 
been lead, they would eaſily. have incorporated 
with an oil, as that of kus, which they did not 
do at all. S 
There is therefore more probability, that they 
were ſalt, altho' it is pretty extraordinary, that 

they ſhould be thus formed. in ſo pure à water .as | 
that of Arcueil. In emptying the bottle, M. de 
Ja Hire ſaw, that ſome bits of threads were har- 
dened by, Ul Kb. and that 5e reſt were — 
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VII. & e feos ene! in + the bs | 
of an almeft invijſible init. 
M. Deliſe has — — that a fly; ſo final 2B 
to be almoſt inviſible,” run over a paper'of almoſt 
three inches, in half a ſecond. It was ſo ſmall, 
that its feet might be reckoned to apply them- 
ſelves ſucceſſively upon the whole ſpace that it run 
over; and as it appeared to M. Deliſis that they 
might: be = of a line in bigneſs; it made in the 
ſpace of a line, fifteen ge or fifteen motions '$ 
and conſequently it made 340 in the ſpace of 3 
inches. How nimble muſt it be to remove one 
foot above 5oo times in 4 a ſecond, or more than 
1000 times in one of the common pulſations of 
our arteries! It is true, that with a magnifying 
glaſs, this inſect appears to have two "— but 
it is not perceived to 19 8 chem. oy 1 
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IX. Olbfervations on ome. | Puppie es. Kill 
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NI. Littre the” that having wädeth, and at 
one ſtroke; cut off the heads of ſucking puppies, 
he found the ſtomachs full of ſour and coagulated 
milk. Now there was not any. conſiderable al- 
teration' made in it, ſince the death of the animal 
was ſo quick; and conſequently it appears, that 
the milſt was ſoured by a natural ferment of the 
ſtomach; and that it is this ferment whic ch makes 
the digeſtion, which' ſome ſkilful moderns make 
to depend entirely upon the trituration. of the 
membrines of this bowel. | 

M. Litire had another deſign in this experi- 
ment; he had a mind to ſee if the water of the Pe- 
ricardium, and that of the ventricles of the brain, 
which we commonly find in dead bodies, were 
not produced, as ſome maintain, by the approach 

8 
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of death, by ſickneß, by agitations, Se. Theſe 
puppies fo haſtily Effect? were proper for re- 
ſolving the queſtion.” They hack water both in 
the pericardium, and in the ventricles of the btain, 


A ern word they muſt ve fome W uſe 
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Tie he pen of windmills, that we 855 
Kei of in the hiſtory of . 1701*, muft be un- 
Yerftood only of the two points there mentioned. 
The axis of the mill which carries the Tai, muſt 
be put exactly in the direction of the wind, and 
the fails muſt be oblique with regard to this axis, 
and make with it an angle of ahtroſt © wtf The 
Arft point is always obſefved in the WR ; the 
ſecond is often wanting; and M. Parent has ob- 
fer ved, that about Paris, the angle which ought 
to be 552 1871 2, which receeds too far froth what 
is preſcribed by the theory, of.: mechanicks. 
Belides this well known gefect, Which canndt de 
imputed to the theory, it is very poſſible that there 
may be others in the machine which we do not 
.Know, becauſe the geometricians have not ex- 
[amined them enough. They put four fails, and 
they inake them rectangular ; the proportion of 
theſe rectapgles, is commonly 32 feet length of 
fall, from the centre of the axis, or arbor; and 
27 fect length of cloth, to 7 in breadth, ' But 
how are we ſure that theſe are the number of all 
and the figure, and the proportion which a 
the beſt with the deſign of the machine ? \ 
might even conſider alſo the poſition of the Ki, 
of which the ſmalleſt dimenſion, or the breadth, 
is put to the ſide of the axis, without any ways 
doubting whether the other dimenſion ſhould not 
be put there. However, nothing of all this is de- 
monſtrated, and M, Parent comes at laſt to diſſi- 
Vol. I. . 258. | Pate 
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can be had up Pon. this ſul 

. che wind 
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not determine the number o 2 7 
only one, of which the figure, 1 We 
and poſition, ſuch as we have juſt explained, 
ſhall remain undeterminate. We mult only fup- 
poſe the axis to be in the direction of the wind, 
and that the fail makes with the ais, an angle of 
559, oe theſe are already two advantages that 
we are ſure of, and two truths, of 9 * we are 
ſatisfied. The ine hen of che wind upon one 
fail, is as much greater as the ſurface of this fail 
is greater, ſince there are, a greater nur ) 
points. impelled by a force, which in itſelf, 1 is 
equal. But as the Kal! is faſtened to the axis, the 
fame wind acts upon the different parts of the ſail, 
with ſo much more advantage asthey are farther 
diſtant from the centre of axis, becauſe a 
greater diſtance from this centre, which is the 
fixed point, is 4 greater lever, by which the 
wind acts: thus we may look upon the whole 
length, or height, of the fail, as a ſeries. of le- 
vers continually increaſing ; among which there is 
neceſſarily a mean, which ſo compenſates the diſ- 
advantage of the ſmall, and the advantage. of the 
great ones, that if the wind acted by this lever 
alone, it would act as much as by all the reſt to- 
.. 1 and therefore the centre 25 the 01 0 an of 


neee 
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equal, it is the ſame thing as if we ſhould conſi- 
der them as equal weights, but unequally diftant 
from a fixed point, and acting by unequal levers. 
Now in this caſe, the point where all their action 
would re-unite, or to ſpeak more accurately, the 
point in relation to which the product of the 
weights, by their levers, would be equal on both 
ſides, would be the centre of gravity. Therefore 
here the centre of gravity of the ſail, faſtened to 
the axis, and the centre of impreſſion of the wind 
upon the fail, are only the ſame thing. 
The farther the centre of gravity of the fail 
ſhall be from the centre of the axis,” the longer 
will the lever of the wind be, and the more ad- 
vantageouſly will the wind act. Beſides; its force 
is abſolute, which is as much greater, as the ſur- 
face upon which it falls is greater; and conſe- 
quently the whole force of the action of the wind, 
is a product of the ſurface of the fail, by the di- 
ſtance of the centre of the axis from the centre of 
gravity of the fail. „ 590 
We know, that according to the figure, and 
more exactly according to a geometrical nature of 
a furface, the centre of gravity is there placed at 
different diſtances from the fame fixed point, with 
regard to which we confider the different levers of 
its different parts. Thus the wind may act with 
more fore@upon a ſmall ſurface, than upon a lar 
one; if in recompenſe it acts upon the ſmall by a 
longer lever; and in genera], the lever of the 
wind being variable, according to the figure of 
the ſails, we muſt neceſſarily make it enter into 
the examinations of the force of the wind. We 
ſuppoſe for the ſail, a length, or height, which 
ſhall always be the ſame example, or 32 feet, let 
the fail be filled or nor, that is to ſay, let the cloth 
begin, or not begin, from the axis of the mill. 


2 MN. 


Nor Ale Reb A Seithens. 97 
M. Parent gave at firſt a figute to the fail that 
had never been ſeend he would have them a ſecbor 
of an ellipfis 3 the centre of Which ſhould be-rhat 
of the axis, or arbor, of the mill and the ſmall 
ſemi. axis the height of 32 feet; and for che great, 
it neceſſarily comes after wards by tho ſuppoſition, 
which always ſubſiſts; that any fail Rate ver is in 7 
clined to the ais of the mill by 45% We fall 
not reſt upon this pointy which is tod geomistrical. 
The elliptical fail is full: but to have its centre of 
gravity, it muſt de known what portion of an 
elligſs it is, if this ſector is I, origy or 3, or 
which is the ſame thing; if we would aſlow 2, or 
4, or 6, in to che mill 5 and this 18 ith 
reaſon.” |; 26 if 266 3- 4H. vituo9; AS 
The centre of gravity "of an dlipricadifettat; i 
the fame as that of the correſponding-lettgr: ob 1 
circle deſcribed upon the little avis of the eltipfis. 
Now to have the centre of gravity of a circular 
ſector, we muſt have that of the arch of this 
ſector; and the whole depends upon well under- 
ftanding what the Ss garten ol an arch of 
a cinch rn 0058 VASES STONE 
We und conceive this u with its oord, in 
5 to which all the points of the arch are 
$ equal weights, acting by levers, Which are 
lines drawn from each of theſe points upon the 
cord parallel to the vadiut, chat vuts the bord in 
half. The part of this radiu contained between 
the cord, and the arch, is the verſed fine of the 
arch. This fine is the greateſt of all the levers; 
and it is this, by: which the ſummit of the arc 
acts. All the others to the right, and left, conti- 
nually diminiſh, till they come to nothing! It is 
viſible; that a mean lever will be ſmaller than this 
verſed fine; and will be a part of it; one extre- 
mity of which will be at the vertev f the arch, 
Vor. IV. Ne 37. O and 
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and the other will be the centre. of gravity of the . 


arch. The ſmaller an arch is, the ſmaller is its 
verſed ſine 3, and conſequently allo its mean lever, 
part of this Goes: and reciprocally.. It remains to 
ſee according to what proportion the mean Iver 


is part of the verſed ſine. ; + 4 


A mean lever among many 4 and many | 
great ones, will be as much greater, as the num- 
ber of the ſmall ſhall be leſs, in proportion to that 
of the great ones. Now. in conſidering the diffe- 
rent arches of a circle with their cords, we ſee evi- 
dently, that the greater an arch is, the leſs is the 
number of theſe ſmall levers, and the larger is the 
number of the great ones. Therefore, the larger an 
arch is, the greater is its mean lever; and is leſs ex- 
ceeded by the verſed ſine; that is to ſay, it is a 
greater part of this ſine. The mean lever of the ſemi- 
circumference, for example, will be a greater part 
of the radius, which is then the verſed ſine, than 
the mean lever of any other arches leſs than Sd 
compared in like manner to/its verſed ſine. 

The greater an arch is, the greater it is in pro- i 
portion to its cord, which appears manifeſtly in 
this, that an infinitely {mall arch is equal to its 


cord; and chat therefore the arch of 600, which 


has the ſemi-diameter for a cord, is not ſo great 


in proportion to this ſemi-diameter, as the arch of 


1803 or the ſemi-circumference, in proportion to 
the diameter; for theſe two terms are ſufficient to 
eſtabliſh the ſpecies of the progreſſion. Therefore 
the greater an arch is in proportion to its cord, by 
ſo much is the mean lever of an arch, a e 
part of its verſed ſine. 
The greater part of its verſed fine, the mean 
lever of an arch is; the more does the centre of 
gravity of the arch approach to the centre of the 
circle, or which is the ſame thing, the more does 


the diſtance of thele two centres diminiſh ; and it 
15 
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is the ſmaller in proportion to the radius. There- 
fore the greater an arch is in proportion to its 
cord, the greater is the radius in proportion to the 
diſtance from the centre of the circle, to the cen- 
tre of gravity of this arch; and it is this exact 
proportion which is determined by geometry. We 
{ee by this, that the diſtance of the centres of gra- 
vity of the arches, from the centre of the circle, 
varies according to the proportion of the arches ' 
to the cords which is continually unequal, © 

It is eaſy to imagine what is the centre of gra- 
vity of a circular ſector. We may conceive them 
divided into circular zones, which will act with 
relation to the centre of the circle, by greater 
or leſs levers, according as they ſhall be more or 
leſs diſtant from this centre. They will have a 
mean lever, of which the extremity that ſhall be 
within the circle, will be the centre of gravity of 
the ſector, ' It is demonſtrated, that after we ſhall 
have determined the centre of gravity-of the arch 
of this ſector, if we take ; of the diſtance from 
the centre of the circle to this centre, it is there 
that the centre of gravity of the circular ſector is. 

Since the centre of gravity of a ſector depends 
upon that of the arch, the ſame conſeQtences re- 
cur, the greater a ſector ſhall be, the more will 
its centre of gravity approach to the centre of the 
circle ; and that in the fame proportion, accord- 
ing to which, a greater arch exceeds its cord. 
Therefore if a power act upon a ſector which has 
the centre of the circle for a fixed and immovable 
point, and if the whole action re- unites in the- 
centre of gravity of this ſector, the power will act 
by a lever, as much ſhorter as the ſector fhall be 
greater; the ſame muſt be ſaid of elliptical 
icctors, as of circalar, ſince their centre of gra- 
vity is the ſame. Fate N i; 
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To calculate the force of the wind upon one fail 
of a mill, which ſhould' be an elliptic ſector, M. 
Parent has therefore been obliged to determine 
what this ſector is, becauſe of the variation of the 
centres of gravity; or which is the ſame thing, 

of the levers of the wind. He at firſt took a 
ſector which was + of the ellipſis; and conſe- 
quently has allowed to the mill 4 fails, which 
would receive all the wind, and not looſe any of 
it, as the common fails do. Theſe 4 large ſur 
faces multiplied by the lever of the wind upon 
one of them, expreſs the whole force of the wind 
to make the machine move, or the t ao the | 


machine put in motion. 


The fame manner,of reaſoning . to a com- 


mon wind- mill, the fails of which are rectangu- 


lar, and the height about 53 times greater than 
their breadth, ſhews that the elliptic mill has al- 


moſt 7 times more power, which is a prodigious 


advantage, and certainly deferves to have the com- 
mon practice entirely changed for it, were it but 
eaſy to change ſo common a practice. One would 


not have expected that the theory could have 


diſcovered ſo great an error in an eſtabliſhed 
cuſtom ; but it is true that elliptical ſails would 
not eaſily at preſent themiclves ro the mind of the 
firſt inventers. 

A mill with 6 elliptic Fails er fein be better 
for the power, than one with 4. It would have 
only the fame ſurface, ſince theſe 6 ſails would 
contain the whole ſpace of the elligſis, as well as 
the 4 of the other, but its force would be greater 
almoſt 3 in the ratio of 245, to 231. The reaſon 
of this augmentation is viſible. A gte. that is 


3 of a circle, is leſs than that which is 2; and 


conſequently the wind nl Oy et firſt 7 A 
longer lever. 
As 
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As the difference of 246, to 231, is trifling ; 
nd as beſides the wind might be hindered in fix 
fails, and be reflected from one to the other, 
in ſuch a manner as would trouble. their mo- 
tion, I believe we had better keep to the mill wich 
4 elliptical fails. 

If we would. have i it with two, each of which 
ſhould be a /emi-ellipfs, we ſhould find the fame 
ſurface alſo; but the force would be diminiſhed al- 
moſt 5 wich relation to the mill with 6 fails, be- 
cauſe the greatneſs of the ſectors would yery much 
ſhorten the lever of the wind. 

Elliptical ſails to a mill would be ſomething fo 
new, that the common uſe of them would hardly 
be adopted. Thus M. Parent thought he ought 
to ſearch for theymoſt advantageoug rectangular 
ones, that is, thoſe where the proc uct of their 
ſurface, by the lever of the wind, would be the 
greateſt, , Every body knows, that the centre of 
gravity of a rectang 57 9 its middle point, and 
conſequently the lever of the wind is the diſtance 
of this point from the centre of the axis. 

M. Parent inſcribes in the elliptical ſail of a 
mill with 4 ſails, a rectangle of which he does not 
determine the dimenſions, and which conſequently 
repreſents all that can be inſcribed, there, after 
which, the geometrical rules de maximis & nini- 
mis, determine this rectangle to be the moſt ad- 
vantageous of all. That which comes by this 
means, is yet very different from the common uſe, 
The breadth of the rectangular fail mult be al- 
moſt double its height or length; whereas the 
height is commonly almoſt. 5 times. greater than 
the breadth. We ſee alſo, that ſince we -call height, 
or length, the dimenſion that is taken from the 
centre of the axis, the greateſt dimenſion of the 
new W fail, will be turned on the ſide 

1 
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of this axis, quite contrary to the poſition of the 
old fails. They have been miſtaken i in all this 


to a ſtrange excels. 
The force of a mill with 4 elliptic Gals, would 


be to that of a mill with 4 new rectangular ſails, 


pretty near, as 23 to 13, which always preſerves. 


a great advantage to the elliptic mills. 

If we compare together mills with two, with. 
four, and with fix, new rectangular ſails, and the 
moſt advantageous that can be, ſuppoſing this 
number of ſails, and always inſcribed in the cor- 
reſponding elliptic ſectors, we ſee that thoſe: 


which have feweſt ſails, have moſt ſurface, and 


leaſt force, The force diminiſhes becauſe the 
height which increaſes brings the rectangles nearer 
to the centrgzof the axis, and conſequently alſo, 
their centres of gravity; and ſhortens the lever 
of the wind, according to a greater proportion 
than the ſurface increaſes. The force of the mill 
with 6 ſails, is to that of the mill with 4, much 
as 14 to 13, which perhaps ought not to hinder 
the mill with 4, from being prefered, becauſe of 
its greater ſimplicity. Its force with relation to 


that of the mill with 2 ſails is almoſt as 13 to 9. 
After this it is eaſy to calculate the force of the 


common mill, where we mult ſuppoſe the height 


of the ſail always much greater than the breadth. 
But in this ſuppoſition, whatſoever proportion the 
breadth has to the height, let it be +, 4, or 3, we find 
always the force of the mill much ſmaller than Wy 
it had the new rectangular fails, and much more 
if they had elliptical ones. And allo the force of 
the common mill continues to diminiſh, juſt as its 
ſails are ſmaller in proportion to its height, ſo 
that the weakeft of all thoſe we have marked, is 
that where this breadth 1s ; of the height, and 
| : „ pet 
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yet this is the moſt uſed ; ſo obſtinate does the 
common practice ſeem in being miſtaken.” © 

The uſefulneſs of all this theory of M. Parent's 
is eaſily perceived. A ſtronger mill will turn 
faſter, and with a leſs wind, and will diſpatch 
more work. In a low place, and where for want 
of wind it would be uſeleſs to conſtruct an old 
mill which would be too weak, they may con- 
ſtruct a new one. We ſhall have, if we pleaſe, a 
mill of a leſs height of fail, which, nevertheleſs will 
be equal in force to an old one; and we ſhall 
know exactly how much we ſhall lower its fail ; 
preſerving this equality. When we ſhall know 
the effect that is required to the mill, that is the 
force that we would give it, in pounds, it will 
be eaſy to find by calculation the number of ſails, 
their figure, proportion, and even the varieties, 
and different combinations, that theſe things may 
have always the ſame effect. The trouble of 
diſcovering the true principle is always rewarded . 
by a great number of eaſy conſequences. 


XI. On the manner in which ſeveral forts 


of ſhell-fiſhes faſten themſelves to certain 
E/ 31:5 1 


In treating of the progreſſive motion of ſeveral 
kind of ſhell-fiſn, in the hiſtory of 1710% we 
have ſpoken of the almoſt perpetual immobility of 
ſome of them; for we cannot treat of their pro- 
greſſive motion without ſaying that the greateſt 
part of them have hardly any; and in this reſpect 
partake more of plants, than of animals. There 
are even ſome which abſolutely never ſtir from the 
place where (if I may uſe the expreſſion) they 


* Vol. III. page 321 of this abridgment. 
| have 
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have taken rob. We are at pfeſent going t en. 
plain their immobility aceording to M. 2 


mur, the atithor of all theſe: obſervations. 


- Thepatz#la; orlimpet*,- fixes itſelf byes — 


kat baſe to ſtones, and even very ſmooth ones; 
and is faſtened there ſo ſtrongly, that being put 
in a ſituation where this baſe and the ſtone were 
vertical, it required a weight of 28 or golb. to 


make it let go. We muſt obſerve that this baſe, 
which is elliprical, has but one inch in its greateſt 


diameter. From whence can this great ſtrengrh 


proceed? it is not very probable, ſeeing the 
ſmoothneſs of the two bodies, that the baſe of the 


limpet, how muſcular ſbever, ſhould be ſufficiently 


inſerted into the imperceptible inequatities of-the 
ſtone; and indeed this inſertion would not have 


any great effect in the vertical ſituation; Beſides, | 


M. de Reaumar is aſſured by deciſive experiments, . 


that this ſhell-fiſh faſtens - itſelf ſo ſtrongly to the 


ſtone, by the means ofa gluewhich proceeds from 
it; and that the action of the muſcles of its baſe, 
which we might add thereto, has no ſhare in it. 
This glue is yet more remarkable in the ſea- 
nettles*, which are not leſs cloſely fixed tocthe 
ſtones. Theſe animals are neither covered with 


ſcales nor ſhells; and their ſkin is not a membrane, 


or texture of ſolid fibres; it is Oly a covering of 
glew, which diſſolves very ſoon in ſpirit of wine, | 
whilſt the reſt of the body of the en remains 


entire, and without alteration. 


The 1520 legs of the ſtar-fiſh* do not * 
to be given it ſo much for walking, as for not 


walking. They are very ſoft, and ſerve it to ſtick. 
to the 65 e bodies, in ſuch a eee _ 


| . * vol. III. page $880 of this iger, | 
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if one had 4 mind to diſengage i ir from chem, we 
ſhould only break them. | 

The ſeximiuſcles have a | ob more Bigger 
manner of faſtening themſelves. They throw out 
ſome threads of the bigneſs of a thick hair, at 
moſt about 3 Turbes long, and ſometimes to the 
number pf 130, with which they ſcize all that 
ſurrounds then, and generally the ſhells of other 
muſcles. They are thrown on all ſides; and they 


hold by them, as by cords of different direftiges, 


M. de Reaumur has not only ſeen that the {yin 
them, and that when they haye been cur off, that 


they have ſpun others; but he has diſcovered the 


curious particulars of the mechaniſm that they 


make uſe of. 
The pinnæ marine, 0 fort of ſhell-fiſh, fs | 
themſelves alſo in another ſituation, by chreads 


much finer than thoſe of the muſcles, but in a 


much greater number; there are fine works made 
of them, whereas thoſe of the muſele are good for 


nothing. There are no pinnæ marine on the coaſts 


of Poib tou, where M. de Reaumur has obſerved; 
but it is a ſtrong preſumption that they ſpin alſo. 
Theſe will be:the- ſilk worms of the fea, and the 
muſcles will be the caterpillars. 

Laſtly, the worms which are commonly caled 
worm-ſhells, becauſe being otherwiſe pretty Iike 
the earth- worms, they are incloſed in a round 
tabe, of the ſub 3 a ſhell, make themſelves 
a habitation which they never quit, by fixing 
their tube on a ſtone; or hard ſand, or ſome other 
ſhells. This tube exactly follows the circumvo- 
lations of the ſurface where it is glued, riſes, or 
links with it, Se. It winds alſo without being 
obliged to it by this ſurface ; and becauſe it ſeems 
to have followed the natural motion of the worm. 
All this explains itſelf in M. de Reaumur's ſyſtem, 

VoL Iv. Ne. 37. F who 
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who retends that chis tube, as well as the ſhells of 
the ſnails, is formed of a glurinous matter which 
comes out of the body of this little animal. 

Another ſort of ſea- worms, which probably tran⸗ 
ſpire leſs of this matter, make their tube only of 

rains of ſmall ſand, and little fragments of other 
ſhells which they unite together by their glue; 
and this little building of pieces brought together, 
is however, neatly enough made. | 

It is by means of this ver bee that the oyſters 
ſtick themſelves to the rocks, or to one another; 
and laſtly, this is the univerſal cement which na- 
ture uſes whenever ſue has a mind to build in the 
ſea, or to ſecure any thing there againſt the per- 
petual and violent motion of the waters. The 
moſt ſimple means be a are the 
moſt efficacious. . 


An explanation of the Art is 


Plate e. repreſents a patella, VERY in- 
Engliſh, a limpet, flitber, or papſbell, faſtened to 
a ſtone. It ſhews only the ſhell which covers it. 
The letters BBB mark the circumference of the 
baſe of this ſhell; S is its vertex. There are dif- 
ferent flutings which go from the vertex S to the 
baſe. 
Fig. 2. is a limpet | detached from the Wa and 
put into a reverſed poſition T; is the head of the 
animal; CC are two horns ae near the head; 
P is the fleſhy baſe of the animal. It is this baſe 
P that is applied to the ſtones, and ſticks to them. 
Its ſurface ſeems rugged, and as it were ſhagreen- 
ed. All theſe inequalities are formed by an inſi- 
nice number of different little veſicles. „ 
Fig. 3 . is a ſea-muſcle repreſented open. The 
muſc MM, which ſerves to ſhut the ſhell, has been 
cut. 


AB 


* 4 
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AB is a part of the muſcle which reſembles the 
tongue of an animal. It is the inſtrument that 
moulds the threads formed by the animal. A is 
the origin, baſe, qr root of this inſtrument. Bi is 
ies point, or extremity. 

Al is a ſtreak, or rather deft. of which the 
two edges are applied to each other, and it forms 
a canal on the inſide. This cleft divides the ſpin- 
ing inſtrument into two equal parts. From A to 
I we muſt obſerve ſome circular, or rather tranſ- 
verſe fibres: they ceaſe in I. 

AF is a part of the bundle of threads which 
ſerve to faſten the muſcle ; theſe threads have 
been cut at F, that the figure might be leſs con- 
fuſed ; and alſo to ſhew how ſhort they were, when 
we had cut them with a pair of ſciffars, maten 
into the ſhell on account of this figure 3; we 
ſhall obſerve, that the mouth of the muſcle is at by 
it is formed of two pretty thin 1 which 
ſeem to be applied to each other. We do not ſee 
this mouth open, unleſs we ets care to open it: 
its breadth is H N This mouth is a ſort of fun- 
nel, very much flatted, and terminates in a duct, 
which reaches quite to the auus. It is nouriſhed 
in all probability only by the water and earth; 
its excrements are of the colour of the mud. 

Fig. 4. is a muſcle, which having prolor ge! 
its ſpinning inſtrument, marked art preſent I 
feels about to find the ground before it fixes itſelf. 
This inſtrument appears under a very different 
form from that which it has in the inaction, a3 
may be ſeen at AB, Ig. 3 ” 

VVV are tubul; b or vorm-ſhells, 
ſtuck upon the ſhell of a muſcle. Theſe worms 
grow indifferently upon all ſorts of bodies, as 
ſtones, ſand, and other ſorts of ſhell. 


F 3 Fig. 


is compoſed, N 5 1 6, which 
is e to a ſtone by different threads, DDD, 
Sc. The baſe DD of theſe threads, is three or 
four times more in diameter, than the reſt of the 
thread. We ſee at G a little end of the tendon, or or 
big thread, to which all the ſlendereſt r are 
faſtened. 2. In Fg. 5. there is a muſcle N, which 
after having darted the 2 threads NQ, NQ, actu- 
ally darts a third NT. T is the place where the 
end of this thread ought to be ſtuck. We may 
obſerve, chat the ſpinning, inſtrument i is thicker 
there than towards the point; and that it forms a 
fort of heel. 

Fig. 6. is the half of a muſcle, where the ſpin- 
ning ede is however left entire. We ſee 
there two of the four muſcular ligaments, which 
hold it. RS is one of thoſe which faſten it toward 
the vertex at 8. Z is one of thoſe which faſten 
it toward the baſe at Z. 5 

Fig. 7. is a ſpinning inſtrument detached. KP i 
js the cleft, or canal, in which, the liquor which 
becomes thread, paſſes. This canal ceaſes at P, 
the part PO, where it does not reach, is hinges 
than the reſt of the baſe. At the root K of the 
ſpinning inſtrument there appears a hole K, which f 
is the reſervoir, wherein the liquor is gathered that 
riſes in the ſpinning inſtrument, in the ſame hole 
K is lodged one of the ends of the tendon, or big 
thread of Vg. 9. to which all the ſlender threads N 
are faſtened. 

Fg. 8. is the ſpinning inſtrument from tehbind; 7 
There are two pieces of muſcular ligaments MM, 
which ſerve to faſten it. Thefe pieces are parts of 
the ligaments, ſuch as the ligament marked ZR, | 


GY 6. 


3 
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Fig. 9 AB} is 
which 411 the 
preſents. In 
than it appear ö 
is bigger, Its extremity 4 is belege in EY | 
hole K of fg. 7. or as it is ſeen at A, fer 3. All 
the threads Which the muſcles þaye formed with 
me, were faſtened i near A, which inclines me to 
believe that this tendon, or big thread grows like 
our hairs; and that the ſlender e which at 
firſt were faſtened at A, arg faſtened ar. B by the 
croſſing of big threads. 5 
Fig. 10. is a muſcle repreſented i in the gate in 
which it is when it reſpires the water. CD is the 
aperture by which it reſpires. The canal by 
which it throws out its excrements, opens into the 
| fame aperture CD. The outlet of this canal, or 
| the anus of the muſcle, is at C: the excrements, 
which come out of it, ſeem to be meer earth, a 
ſort of mud. They have a fluting thro* their 
whole length; I mean that they are made as a por- 
tion of a hollow tube. Thence it is evident, that 
the canal by which they are diſcharged, or at leaſt 
the aperture thro' which they paſs, is not round as 
in other animals. RH is che place, .or ſpring, 
which ſerves to open the ſhell. EE are an infi- 
nite number of little fleſhy parts very prettily cut, 
reſembling little cocks- combs. The animal ſhews 
only when it reſpires the water, they are ſeen. alſo 
at EE. Fig. 5. the reſpiration is not Ropped 
while it darts the thread, - 
Fig. 11. is one of the pieces of which the ſhell 
of a muſcle is compoſed ; we may obſerve a little 
band which covers the inner edge of the ſhell. 
This band is of a horney kind of ſubſtance, and is 
faſtened in its natural ſtare to the circumference of 
the body of the animal. 


Fig. 
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Fig. 12. is a pectunculus, or cook fiſh,” faſtened 
to a ſtone by different threads FFF, the vertex of 
the ſhell is at S; on both ſides of S, is the ſpring 
which ſerves to open the ſhell; for this ſhell 18 
bivalve, like that of the muſcle. There appear 
ſeveral flutings, which go from the vertex S, to 
the baſe BB, In different parts the ſhell is ſtuck 
with points; ſo is that point of the ſhell which Is 
called the ear. 

Fig. 13. is a cook-fiſh repreſented open. The 
thick muſcle MM, which ſerves to ſhut it, has 
been cut, L marks the wertex of the ſhel), and 
the middle of the ſpring which tends to open the 
ſhell. 'T and R are two appendages, which be- 
ing placed one above the other, form the ear. 
The appendage T is narrower than the appendage 
R, ſo that the firſt does not entirely cover the fe- 
cond. They do not apply themſelves ſo exactly 
to one another, as not to leave a little opening 
by which a part of the threads came out, which 
are ſeen in fig. 12. HG is the ſpinning inſtru- 
ment of the Gol fiſh; GP is the bundle of threads: 

theſe threads have been cut ſhort at P, for fear of 
rendering the figure confuſed, They are all 
faſtened to a common tendon at P, which is 
faſtened to the origin of the ſpinning inftru- 
ment. . 
Fig. 14. is a cook-fiſh repreſerited in ſuch a 
poſture as to ſhew the canal VX, thro- which the 
excrements of the animal paſs. X is the aperture 
of this canal, or the anus of the cook-fiſh. 

Fig. 15. is a heap of ſand, in which a great 
number of worm. ſpells were lodged. On the up- 

er ſurface of this heap of fand is the out- let of 
all their tubes; and on one of the ſides, as at BC, 
may be diſtinguiſhed, the length, roundnels, and 
curvature of theſe tubes. 


Tz | EP. 


* 


wo, ©. SIS 2” 2 nh = Ei 


Rovan ACADEMY of SCEINCES. III: 


Fig. 16. is one of the ſand worm-ſhells, repre- 
ſented almoſt i in its natural bigneſs. e g 

Fig. 17. is the ſame worm ſeen with the micro- 
ſcope. be extremity of the head is the flat ſur- 
face ſeen at T. This extremity, the circumference. 
of which is round, is ſometimes made like à horſe- 
ſhoe, when the animal opens in O. NNN are 
the fins of the worm. HI, II, EE, are three 
rows of little en hooks. Qi the, tail of te 
worm. 1 | 


XII. On a new o purple, 


There are not only more - things. found 1n i 
laſt ages than there have been old ones loſt, but 
there can hardly be any thing loſt that we are not 
contented ſhould be ſo... For in ſhort we need only 
ſearch, in the boſom, of nature, where nothing 1s 
annihilated ; and it is alſo a great ſtep, toward. re- 
covering it to be ſure that it may be found. The 
purple colour, formerly ſo much in eſteem, that 
it made among the Romans ong of the principal 


marks of dignity, either has not been abſolutely 


loſt, as ſome think, or at leaſt has been recovered 
within theſe 30 years, by the royal ſociety of 
England. One of the ſhell-fiſnes Which fur 


niſhes it, and is a ſpecies of buccinum, or whelk, 
is common on the coaſts of that country. 


Another buccinum, which allo gives the purple 


Aincture, and which probably is one of thoſe, which 


Pliny has deſcribed, as having that uſe, is found 
upon the coaſts of Pojttou, and M. de Reaumur 
having a mind to ſtudy it particularly, diſcovered 
another purple which he. did not ſeek. for, and 
which in all probability was unknown to the an- 
cients, though of the Jame ſpecies with cheirs. 


r 
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The bircimims of Poiffor which yield the pur. 


ple, are commonly found gathered about certain 
ſtones, or fand, covered with oval grains; about 


3 lines long, and a fittle more than a line thick, 


full of a white liquor, a little yellow, pretty much 


like that which is drawn from the Buccinums them- 


ſelves; and which after ſome alterations, acquires 
the purple colour. By M. de Reawnurs experi- 


ments it is not likely that theſe grains are the eggs 
of the huccinum, nor are they the ſeeds of any ſed- 
plants; they muſt therefore be the eggs of ſome 
fiſh. They do not begin to appear till autumn. 
Theſe grains cruſhed upon a white cloth, at firſt 


only make an almoſt imperceptible yellow, bur 


in 3 or 4 minutes they give it a very fine pur 


red, provided that this cloth be expoſed to the 


open air: for what is very remarkable, and which 
Mewes of what extreme delicacy the generation of 
this colour is, the air of a room, even though the 
windows ſhould be open, would not be ſufficient. 

The tincture of theſe grains fades a little by a great 
many waſhings. 

M. de Reaumur has diſcoved by ſome experi- 
ments, that the effect of the air upon the liquor of 
the grains, conſiſts not in its carrying off ſome of 
its particles, nor in giving it new ones; but meer- 
ly in agitating it, and changing the order of the 
parts Which compoſe it. We have in the cochineal 
a very fine red colour; but good only for wool ; and 


is of no uſe, either for filk, or linnen. The car - 


thamus, or ſaff- flower, gives a fine ſcarlet and 
crimſon, but it is only to ſilk. We may find in cul- 
tivating the grains of M. de Reaumur, the fine 
red that we want for linnen, which perhaps will 
ſurpaſs the red of the Indian linnen which i is not 
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ſurpaſs the red of the Indian linnen which is not 
ae. nnd urls wt RSS 

M. de Reaumur has not failed to compare his 
new purple with that which is drawn from theſe 
buccinums of Poitteu. The buccinums have at their 
collar, for we may allow them to have one as 
well as the ſnails, a little reſervoir, called im- 
properly by the antients, a vein, which only con- 
tains one great drop of yellowiſh liquor; the lin- 
nen that is dyed with it being expoſed to a mode- 
rate heat of the ſun, acquires at firſt a greeniſh 
colour, afterward a lemon colour, a brighter 
green, then a little deeper, from that a violet, 
and at laſt a fine purple. This is done in a 
few hours; but if the heat of the ſun be very 
ſtrong, the firſt changes are not perceived, and the 
fine purple appears all at once. A great fire pro- 
duces the ſame effect, only a little ſlower, and 
does not produce ſo perfect a colour. Without 
doubt the heat of the ſun being much more ſubtle 
than that of a wood fire, is moſt proper to agitate 
the fineſt particles of the liquor. The open air 
acts alſo, tho? leſs quick, upon the liquor of the 
buccinums; r if it is diluted with a good 
deal of water; from whence M. de Reaumur con- 
jectures, with great probability, that the liquor 
of the buccinums, and that of the grains, are al- 
moſt of the ſame nature, except that this of the 

rains is more aqueous. They differ alſo in 
taſte; that of the grains is ſalt, and that of the 
buccinum extremely hot, and biting, perhaps be- 
cauſe it is leſs diluted with water. | 

If we would make uſe of them in dying, that of 
the grain would be much more convenient, and 
would coſt leſs; becauſe it is very eaſy to draw 

You. IV. Sz QT "= 
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it from a great number of grains 'bruifed all at 
once; whereas to have that of the Buccinum, we 
muſt open the reſervoir of each particular Burcfnum, 
which requires a gteat deal of time; or if for 
expedition we bruiſe the ſmalleſt of theſe ſhelk 


Fh, we mall ſpoil the colour by the mirture of 


different matters which the animal furmiſhes. 
Me might find perhaps ſome chymical liquort 
Which would make the purple colour 
quicker, or more conveniently, than the fire, ot 
the ſun, of the open air; and M. de Renamur has 
already found the coroſive ſublimate, which pro- 


duces this effect on the liquor of the buctinumes 3 


but practice, and above all, a practice which 


ſhould come to make part of a trade, would re- 


quire a great many other obſervations, and quite 
new intentions. There is a 'vaſt difference between 


a philoſopher who aims at eee ny a e. 


chanic who aims at Profit. 


As explanation of the i fy. wal 


Plate III. fg. 1. repreſents a ſtone DHHFEED, 
in which is feen a great number of thoſe lietle 


grains which M. de Reaumur calls eggs of the 


purple, faſtened as to an arch againſt one of the 


| faces of this ſtone. This face was downward, but 


ir did not touch the ſand. G, &c. are different 
places where theſe eggs of the purple are faſten- 
ed. The eggs of the purple marked EE, are 
ſtuck upon other eggs, as the other e _ 
upon the ſtone. 

Hg. 2. is that of an egg Ker ⸗ purple; p is lis 
baſe, the extremity of its pedicle; it is this extre- 
mity that is * inn the None, Pr is its — 


dicle; 
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dicle's Yor ages pr . — 2. TY bottſe.r 
dopped at b. wih a opple b. dd mark the 


e e Deal. > 254 4ehd | AT 1 
Fg. 8. is All a of 2 Purple, 1 
the: fame letters mark fame Parts, as, Nn, I 

preceding ige 3- b > ew the if ago 
o the e ef the bottle in which Eh 
Was. 


Fig. 4. is a wy 1 of an egg of 
a purple. The letters PRB ſhews the ſame 


things as the letters pr b in fig. 2 and 3. The 


letters III ſhew the manner in which the diffe- 


rent drops of | yellowiſh liquor are diſtributed 
in the middle of the clear liquor. As the ſides 
of the egg are tranſparent I, diſcover theſe 
different liquors. .. 

Fig. 5, is a little buccinum,. or whe; it ſhews 
the aperture of the ſhell ; and at the edge of this 
aperture are ſeveral flutings ooo. 

Fig. 6. is a whelk, the ſhell of which differs 
from the preceding by the coloured * RR. 

Fig. 7. is the ſame whelk as fig. 5. which 

ſhews its head. T is the head, at — ſides of 
which are 2 horns CC. DDDD mark that 
part of the ſhell which covers the collar, or 
upper part of the back of the animal. This 
part DDDD of the ſhell muſt be - raiſed to 
perceive the little veſſel wherein the ane dye 
is contained. | 

Fig. 8. is the ſame whelk with fg. 7. with a 
piece of the ſhell DDDD 19578. which 
ſhews its collar EEEE. Upon this collar, or 
if you pleaſe, on the back of the animal, appears 
the little veſſel vv. It is in this veſſel, chat the 


purple dye is contained. 
Qz= V- Fig. 


* r l Ne e 72 3 3 —_ — un 
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yp 9. is that of the whelk from which 
Columna pretends the purple dye of the an- 
cients was taken. This whelk uſually ſhews 3 
horns, the largeft of which C is in the middle 
between the 2 ſmaller cc. The ſame whelk 
may be ſeen in the hiſtory of 1710, with the 
ena poſition. 
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Pyi1LoSOPHICAL MzMoIRs of Ss Rovay 
ACADEMY of SCIENCES at Paris, for 
the Vear 4 1 


J. Oh/ervatio ons on the height, of the water 
which fell at. the obſervatory during the 

year 1710, wi ich thoſe on the thermometer 

and barometer, NM. de la Hire“. £ 


\HE SE are the obſervations of che: quantity 
| of water, and melted ſnow, that fell at the 
odſcrvariry during the whole year of 1710, which 
have been made in the ſame manner r wich thoſe = 
the a _” In evo | 

Lin, N tr) <6 Lin. 


4 


Jan. £ an öh 17 +, 
March 14 1 Sept. 15 + 

April 1 i Ot. to 14 1 2% Wh 
May 12 Novem. 217 
June 5 9 3 Dec. 3 17 Fon 


The ſum total af water ref the whole year, 288 
nes 42, or 15 inches 8 lines 4. 
Theſe obſervations ſhew us that the year 1 17 10 


has been one of the drieſt that we have had a great 


while, in compariſon to the 19 inches of water 
which commonly falls. The year however has 
been very fruitful in grain, as it _— happens 1 in 


55 an. 9. 171. * 
1 theſe 


grounds are cool and moiſt,  . C 


ang*ilt noon; and afterwards: it does. not change 


will contribute nothing to the cold, except the pre- 


118 The H1 STORY @nd/ MEMOIRS of the 


<# A :: $443 COOLS. 
There fell no ſnow at the end of the year, but 
at the begin ing of it, about the middle of Fanu- 
opportunity of making the following experiments. 
The 1oth'of January in the morning I covered 
the ball of my thermometer, which is always ex- 
poſed in the open tower of the obſervatory, with a 
very great quantity of ſnow, and after having 
left it there full 3 hours, I did not obſerve 
chat the ſpirit of wine bad changed its height 
in the tubes it then remained at 2/7 pafta, 


and it begins to freeze in the country when it is 


volder; that in the beginning of the froſt; and 
akh& the thermometer always riſes from the mom 


its height for 3 hours, becauſe the degree of cold 
of the ſnow kept it always in the ſame ſtate, 
the ſmall increaſe of heat of the air, not being 
capable of penetrating in ſo ſhort a time, the 
maſs of ſhow which was about the ball. 
But the air being extremely cool till the next 
day, the 11th of this month, this thermometer 
being then at 14 + parts, which marked a great 
cold, I repeated the experiment of the preceding 
day, and there happened the ſame thing, the ther- 
mometer remaining at the fame height, in the 
ſnow as it was out of it; from whence I con joa 
ture that the cold of the ſnow is not a cold chat is 
Proper to it, but that it only takes the degree af 
cold of the air as ſt then is, becauſe it is raxe - 
nough to leave the air at liberty to inſinuatt ir- 
ſelf by degrees into all its parts 3 thus tbe ſnow 


ſerving 
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ferving the coldnefs of the air for ſome time in the 
ſame ſtate. I D con 5510 Hin 
There was not amy ching confidemble to remark 
n the winds, except that OZober IIth, there 
was a ſort of hurricane, vn _ en 8. 8. 58 
without rain. + 
The thermometer W the greawſt cold of 
the year, January the Tith, being fallen to 141 
parts, which marks a great cold; but the © 12th 
ir roſe again to 27, where ic was the roth and 
from that time the cold was moderate. 
As for the heat, it was alſo moderate during the 
whole ſummer, the greateſt was mark'd by the 
thermometer at 61 parts the 3d of Auguſt at ſun-riſe, 


and at 2" + P. M. the thermometer was at 714 


parts; thus the cold was greater than the heat, 
in proportion to the mean ſtate, where it is at 4B, 
but it laſted only one day, as J have juſt related. 

My common barometer which is always placed 
at the top of the hall of the obſervatory, was at 
the higheſt at 28 inches 3 lines 4 Fannary the 3d. 
with a S. W. which'is very extraordinary, for it 
18 commonly rather low than high, when the wind 
is in the ſouth. ' It was at the loweſt, March the 
7th, at 26 inches, 10 lines 2, alſo with a ſouth- 
wind, and rain. The difference between the x 
ft and the loweſt was therefore 1 inch 4 lines 5 
little lefs than ordinary, which is 1 voy 

I alfo obſerved" that in the whole: month of Feb- 
ruary, when ſt rained but very little, the baro- 
meter was very high as it commonly is; it was al- 
ſo the ſame in the irt half of the month of Sen 
tember. as 
[ here' again give notice, chat hh the obſer⸗ 
vations are made, they ſhould take care to ſtrike 
a ren againſt the wooden —_ where the tube 
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is fixed, to make the quickſilver run to its true 
height; for as it always adheres a little to the 
inſide of the tube, it does not move freely, and 
ſometimes there is found ; a line difference be- 
tween the height at which it appears to be at firſt, 


and the true height where i it * a, eſpecially if 


the tube be thin. 
December 30, 1 obſerved the declination of the 


needle of 8 inches long, in placing the ſide of the 
box againſt the ſame ſtone pillar where I gene- 
ally put it, 2 I found it 109 50/ ward the 


wo 


1 I. A We F our obſervations on the 


height of the rain-water, and on the ba- 
rometer, which thoſe which M. Scheuchzer 
made at Zurick, in Swizzerland, during 
the year 1710, by M. de la Hire. = 


M. Scheuchzer has ſent us this year his ee 
ons of the rain water, and of the barometer and ther- 
mometer, which he has made at Zurict, as in the 
year 1709. He found the height of water only 
23 inches 4, during the whole year 1710, 
and he adds that it is leſs than the preceeding year, 
by 9 inches 2 lines 4, and yet this little height is 
greater than any of the greateſt that we have 
obſerved at Paris ſince the year 1699. 

I have related in the memoir of the preceding 
year, my conjectures upon what may caule this 
greater height of water in the mountains, and 
therefore I ſhall ſay no more of them here. We 
ſhall only obſerve that the height of the rain- 
water at Paris in 1710, was only 15 inches, and 


+ Au 1711. 
m_ | almoſt 
3 50 
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almoſt: lines, which is much leſs chan ordinary, 


and leſs than the pyeceding year hy 6 inches 


which agrees in ſame meaſure with M. Stbeuc bæer's 


obſervations; and ſhews that at Zurict, and at 
Paris, the year has been dryer than ordinary. 
He adds, that the greateſt height of his baro- 


meter was Jan. 3, at 26 inches, 9 lines 4, and 
the leaſt at 26 inches, o lines &, Dee, the. 2 5: the 
difference is therefore ꝙ lines r. 

I found my barometer alſo at the higheſt the 
ad of Fan. at 28 inches, 3 lines 4:4 therefore 


the difference of the height of ' the quickſilver the. 


ſame ay at Zurick, ans at Paris, was 1 inch, 
51inez 1, or 17 lines ; from whence we might 
conclude pretty near, how much higher Zurick 
is than Paris, if our baromcters agreed. © 

The leaſt height of quickſilver Rich J found, 
was 26 inches, 10 lines 3; therefore the diffe- 
rence of our leaſt heights \ will be 10 lines ;, which 
is very different from the preceding; che days 
were alſo very different; and the 15th of Dec. 
which was the day of the obſervation at Zurict, 
my barometer was at 27 inches. 


As for the heights of his ame 00 I can. 


not compare them with mine, for ar muſt baye 
been —— oe one inet | ROE . 


HL. Eaperiuene fo i herbs the F eget 
of cords exceeds the ſum of the Forces of the 


threads which compoſe 3 them, by A. de 


Reaumur “. 


We are pre Judiced in believing, that a cord, 
compoſed of different threads twilted together, 
has a 2 which ſurpaſſes on ſum of the forces 


* Feb. 21, 1711. 
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of all the threads which compoſe it. I mean 
that if, for example, we make a cord with 6 
threads, each of which will bear a weight of 5 Ib. 
without bfeaking, it is generally thought, 9 
that the cord made with theſe 6 threads, 5 bear 
a weight above 30 lb. ſeveral learned men are 
agreed with the vulgar in this, as J had the op- 
portunity of ſeeing, by the objections which —_— 
made to me by ſome of the mot illuftrious per- 
ſons" of the academy, upon a paſſage in the me- 
moir where I examined the filk of 77 iders. This 
paſſage treated of the ſtrength of 5 filaments of 
filk. A ſkilful geometrician pretended even to 
have the demonſtration of the proportion, in 
which the twiſting is convenient; and I ſhall 
often have occaſion hereafter for the proportion, 
in which the twiſting increaſes the har of the 
cord above the ſum of the forces af al is 
threads. | 

It ſeemed to me on the contrary, that i oy 
without having examined the thing cloſe enough, 
that it has been imagined that the twiſting ity 
creaſes the ſtrength of cords, that every thing be- 
ing well conſidered, we ſhall find perhaps, that 
far from increaſing, it diminiſhes it; and that 
this is one of thoſe phyſical problems which can- 
not be refolved but by phyſical experiments. Be- 
ſides | thought it-would be of ſome uſe to mecha- 
nicks to endeavour to reſolye them. We might 
often expoſe the cords that we make uſe of, to be 
broken; if we ſhould reckon | too ouch Mon 
their ſtrength. . 
All that they do in making of cords, or in 

twiſting the threads about one another, is to put 

them all in 4 ſtate of contributing ſomething to 


ſaſtait the force, or the weight that is made to act 
ꝛgainſt 
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againſt this cord; and at the ſame time to diſpoſe 


each thread in ſixth! 4 manner, that it is cafier to 
break it, than to make it ſlip, or to diſeny 7 
from thoſe which ſurround it. It is this 
gives the facility of making very long cords in 
very ſhort threads, as we ſee in the cords of 1 
fax, wool, and filk; for we may look 15 
the filaments of filk, and wool ol which! 
commonly make uſe of, as little cords; the 
thread being preſſed againſt thoſe that fyrronnd' 5 
and being twiſted with theſe threads, oppoſes b 
its friction ſueh à reſiſtance to the KY: which 
| draws it, that it is more difficult for this force to 
overcome the reſiſtance of the friction, than ˖0 
break the the thread. IN 
But does it follow from this diſpofition of che 
threads, char the ſum of their forces is ſmaller or 
greater, than the forces of the cords are? It is nor 
poſſible to decide this by reaſoning alone. We 
lee plainly that in twiſting ſeveral threads together, 
we ſhorten each thread, and that the cort Aa in 
thickneſs, what each lofes ! in length; if we | 
the cord only on that ſide, it is evident that its force 
is increaſed. For every thing elſe bing, equa, 
the thickeſt cords are the ſtrongeſt. If for exati - 
ple we make à cord by twiſting 5 threads about 
one another, and that the twi ſhorretis each 
thread 3, it is evident that the thicknefs of the 
cord gains by which the length of the threads are 
diminiſhed ; from hence it ſeems evident, that 
the ſtrength of this muſt be equal to the ſum 
of the forces that 6 threads would ſuſtain ſepa+ 
rately. 

There is alſo anether way, in which the twilt- 
ing ſeems to augment the ſtrength of the cord; 
it is becauſe the weight, which draws the cord: 
draws each me oquely; ſo that one part of 
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this weight is employed to preſs theſe threads ane 
m_—_ they Pn. 0 ach Mee A 


111 


view the ruiſting:. but. on- pate 8 ſhall 
ſee that it weakens. the force of the cords, if we 
would. e that in order to a cord's having a 
force equal to the ſum of the forces of the threads 
Which com pole. it, the weight faſtened to one of i its 
extremities, ſhould act againſt each thread only in 


proportion to the force of this thread. For if the 


weakelt threads are charged as much as the ſtrong · 
eſt, or if ſome threads of equal ſtrength are much 
more charged than others, they will break, and 


the weight will fall upon the threads, which before 


were the leaſt charged. Now the weight that 
draws a cord, draws each thread that compoſes it, 
more or leſs, in proportion as this thread is mare 
or. leſs ſtretched, and more or. leſs thick; and in 
twiſting theſe threads it is impoſſible to diſpoſe 
them in ſuch a manner, that the weakeſt ſhould; 
be leſs ſtretched than the e: ſometimes the thic- 
keſtare the weakeſt ; each thread thetefore does not 
contribute in proportion. to its ſtrength to ſupport 
the weight; and if for example, in a cord comp 
ſed of & threads there are 4 which contribute only, 
balf their arne to ſuſtain the weight, the cord 
muſt be only conſid ered as if it was p ot 
4 threads, 1 16.4 

Beſides ſince in twiſting the threads, they. are 
ſtretched ; it is plain that the twiſting is equi- 


valent to a weight which would draw each thread, 


and to a weight greater or leſs according as the 
tenfion that it Produces is greater or Jels 3 that is, 
Te. the 


4 
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the more this thread is ſtretched, the leſs it is in 
a ſtate to ſuſtain a weight equal to that which 
it would ſuſtain naturally. The twiſting alone 


is ſufficient ſometimes to break the threads, as we 


find by experiment, : When we ies them too hard 
twiſted. - | - 3 TOW Ret: 

The ſame: exiting, which Inches] the akrengch 
of the cords in ſome places, diminiſhes it in others. 
But does the inereaſe ſurpaſs: the ditmibution ? 
here geometry has no effect any further than we 
make arbitrary ſuppoſitions, Which conſequenely 
determines nothing: we cannot know whether a- 
mong theſe ſuppoſitions we have choſen thoſe 
which are conformable to the. effects of nature; 
we muſt therefore here, as in all other philoſophi- 
cal doubts, have recourſe to experiments; thoſe. 


under conſideration are ſimple and eaſy to execute. 


J ſhall relate exactly a part of thoſe that J have 
made; they will teach us what we are to think of 
the increaſe of the ſtrength of cords, above that of 
the ſum of their threads. 

Exp. I. I took a bottom of white" dias; 
ſuch as is commonly uſed, and having cut off a 
great piece of it, I fixed at one end different weights, 
from 1 pound to 103 this bit of thread ſuſtained 
9 pound + without breaking, and it broke when 


I had fixed to it a weight of 10 pound. It 
was therefore evident that each of the two parts 


which remained after the diviſion of this thread, 
could at leaſt bear a weight of 9 4 pounds, ſince 
they had already ſuſtained it without breaking. I. 
afterwards doubled the longeſt of theſe ends of 
thread, and twiſting the two peices together, 
of which this thread conſiſted, I formed a little 
cord compoſed of two threads, each of which Was 
able to bear 9 pound 4, conſequently if th- 


twiſting had increaſed the ſtrengeh of the cord, 
| 1 |: above | 
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above the ſum of the ſtrength of the threads which 
compoſe ir, this cord ought to have born above: 
19 pound; it was very well twiſted without being 
too much ſo. Nevertheleſs this cord broke when 
I had ſuſpended a weight of 16 pound to it, and 
it only ſuſtained 15 pounds + without breaking; 
ſo far from its ſtrength being increaſed by the wil. 
ting, it was diminiſned about + f 
Exp. II. I afterwards fixed a weight of 6 pounds 
2, to another thread taken from the ſame bottom, 
it ſuſtained it without breaking, and broke with 7 
pound, I alſo fixed ſeveral weights to 2 other 
threads the firſt of which reſiſted a weight of 8 
pounds, and broke at 8 pounds 2, and che ſecond 
ſaſtained 8 pounds 2, and broke at 9. I took. 
the longeſt * of each of theſe 3 threads, and 
twifted "rk into a ſmall cord of three threads: 
the ſum of the forces of theſe three threads. was 
at leaft capable of ſuſtaining a weight of 23 pounds. 
The cord nevertheleſs broke when it was charged 
with 17 pounds 4, the twiſting has therefore con- 
ſiderably weakened'it. | 
Exp. III. Having likewiſe taken 4 bits of 
thread, and knowing by the experiments, that the 
firſt could ſuſtain 8 pounds 3, and that it broke 
with 9; that the ſecond could ſuſtain 6 pounds , 


and broke with 7, and that the other two had born 


7 pounds, and broke with 7 f; I made a cord by 
twiſting theſe 4 threads, 1 ow by the experi- 
ments juft mentioned, that the ſum of the forces of 
theſe rene could at leaſt ſuſtain a weight of 29 


pounds; I therefore eaſily knew that the ſtrength 


of this cord was leſs than that of the ſum of the 
threads, when I ſaw it break after having bung to 
it a weight of 2 1 pounds 2. 

Exp. IV. To confirm the preceding experi- 
ments, I made a ne cord as above compaied of- 


5 
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5 threads, 4 of which had born 7 poynds, and 
broke with. 7 pounds and 2; and the fifth had 
born 6 pounds, and broke with 6 pounds ; the 
ſum of ths ſtrength of theſe threads was therefore 
at leaſt 23 pounds; the card however broke after 
having for ſome time ſuſtained à weight of 22 
pounds, As I knew by the preceding experi- 
ments, and by ſeveral others which I do not think 
it neceſſary to relate, that the thread which I made 
uſe of, had in the weakeſt places ſufficient ſtrength 
to ſuſtain a weight of 6 pounds, and that it was ofs 
ten ſtrong enough to ſuſtain 9 pound; I thought | 
it right to make my calculations, without examin- 
ing any more the ſtrength of the thread which 1 
uſed, and' that when I ſhould find that the ſtrength 
of the cord ſhould be lefs than that of the ſüm 
of the threads, by conſidering them as not being 
able each of them to ſuſtain above 6 pounds, 
that I ſhould nat run any riſque of being miſtaken, 
ſince I had never found the ſtrength of theſe threads 
leſs, and that I had commonly found them greater. 
I therefore again made different cords with the 
ſame thread, becauſe we cannot too often repeat 
che experiments, before we conclude. any ching 
from them. 

E Mike 2 cord with 6 threads 3 | 
ought at leaſt to have ſuſtained 36 pounds if the 
ſtrength had been equal to that of the ſum of the 
threads, and this cord, broke with a weight of 31 
pounds. Gone 

Exp. VI. A cord of 10 threads very welltwif- 
ted, which ſhould at leaſt have ſuſtained 50 pounds, 
if its force had not been leſs than that of the fum of 
the threads, broke being charged with 50 
pounds. f 

Exp. VII. Having made a cord by doubling 
the longeſt of the two > ends, which I had left of the 


pre- 


— — 
3 — 


E own == oa reg Rn, 794 arr — 22 ce es 


<1 <> port wo —— 2 
Sr 


rc 


— 
rann 


2 * 
r 


. be on et 
88 
5 


= 2 5 
r 


T = 
N 


1 
4. 


mY 
BA 
6771 
15 
41. 

* 17 
f 


preceding cord as it was compoſed of 10 threa 


cords which company this, was greater. than that 
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we ſee chat I made a cord of 20 threads, which 
could not carry leſs than 120 pounds, without be- 
ing much weaker than the ſum of the threads, 
and leſs than 100 if its ſtrength was not dimi- 

niſhed by the laſt twiſting. A weight of 80 
pounds broke this cord; its ſtrength. was therefore 
diminiſhed by the laſt twiſting, *_ : 

Exp. VIII. Another cord made of 28 threads, 

which would at leaſt have born 168 pounds, if 
the twiſting had not diminiſhed the ſtrength of the 


cord, was broken by a weight of 82 pounds; 


I made ſeveral other experiments, which had the 
fame ſucceſs, and which it would be to no purpoſe 
to relate; However that it may not be imagined 
that the cords which I made were too much or too 
little twiſted, and that perhaps the ſamething does 
not happen to the cords of thread, or hemp, made 
by the ropemakers, I made trial of theſe laſt. 
Among the various experiments that I have tried 
upon theſe ſorts of cords, I ſhall content myſelf 
with relating the 2 following, becauſe all thoſe 


that I made have not ſucceeded differently. 


Exp. IX. I took a ſmall hempen cord, very 
well made by a rope-maker ; it was made of 
three other ſmaller cords, each of which was 
compoſed of two coarſe threads of hemp. I call 
thoſe threads which are not made of other ſmaller 
cords, but are compoſed. of divers filaments of 
hemp or flax. Having fixed a weight of go lb. 
to the cord juſt mentioned, it broke in an inſtant; 
as it ſeemed to me that this cord ought to have 
been ſtronger, I ſuſpended afterwards ſeveral 


weights to the longeſt. end that was left; vit 


ſuſtained 72 1b. and broke being charged with 75. 
To know if the ſum of the forces of the three little 


of 
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of this cord, I untwifted i it, and having tried the 
ſtrength of theſe little cords by different weights, 
1 found that one bore 27 Ib. without breaking, 
the other 33 Ib. and the lait 35 b. The ſum of 
the ſtrength of theſe 3 cords was therefore at leaſt 
equal to that which, is required to a, weight of 
95 lb. yet the cord which they compoſed had firſt 
broken at 50 lb. and after ward at 753 its ſtrength 
was therefore much leſs. than that of the ſum of 
the threads, | 

As to the reſt it mult be . that if I had 
ſought the ſtrength of the 2 threads, which each 
of the z little cords was compoſed of; the ſum of 
the forces of theſe two threads, would perhaps have 
been found leſs than that of the little cord which 
they compoſed ; and that by a reaſon particular 
to cords which are made of flaments, ſhorter 
than the cords themſelves. Which is, that each 
of the filaments cannot exerciſe its whole ſtrength, 
unleſs the reſiſtance of. the friction which it muſt 
overcome to ſlip, does not ſurpaſs the ſtrength 
which this filament has to ſuſtain a weight. Now 
it often happens, that the threads are not enough 
twiſted, becauſe the filaments of hemp, or flax, 
which compoſe them, cannot ſlip ſo eaſily as not 
to be broken. But when we make a cord, for 
example, with two or three of theſe threads, the 
new twiſting which is given them, adds to the fi- 
laments which compoſe them, what they want of 
friction, and puts them 1 in a ſtate of being broken 
by a leſs force than is neceſſary to make them 
flide, and when each filament ſhall be more eaſily 
broken than diſengaged from thoſe which encom- 
paſs it, the ſtrength of the cord will always be 
leſs than the ſum of the forces of the threads or 
filaments which 2 I, FE 
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Exp. X. Another cord pretty near the ſame thick. 


neſs with the preceding, will alſo ſerve for a new. 


proof. It ſuſtained a weight of 70 Ib. and broke, 
about the middle by the weight of 723 1 faſtened. 
a weight of 75 1b. to the longeſt bit that remain- 


ed, to ſee if the cord had not broken. in a place 
much weaker than the reſt; but it could not ſuſ⸗ 


tain the weight of 75 lb. Having ſought ſeparate< 
ly the ſtrength of the 3 little cords of which it was 
made, the firſt bore 241b. and broke with 28; 

the ſecond bore 28 Ib. and broke with 29; 

and the third ſuſtained 30 lb. and broke with 31. 
The ſum. of the ſtrength of theſe 3 cords was there. 
fore at leaſt equal to 82, and conſequently greater 
than that of the broken cord by a weight 


of 71 lb. 


There is no doubt but that the experiments 
which I made, would have ſucceeded in the ſame 
manner upon thicker cords; the great number 
of threads, or of ſmall. cords, cannot make any 
alteration. But the experiments would have been 
much more difficult to execute, and the preced- 
ing are ſufficient. I ſhall however relate one, 
which I made upon a bit of ſilk, ſuch as is com- 
monly uſed for ſewing; notwithſtanding the 
ſmallneſs of theſe forts of cord, we may 
compare it to the thickeſt cables, if we only con- 
ſider the number of ſingle threads which compoſe 
it. The threads of this bit of filk were exceeding 
fine; it alſo contained a much greater number of 
filaments than the bits which I have ſpoken of in 
the Examination of the file of ſpiders*. For 
having ſeparated it with great. attention and pa- 
patience, I divided it into 832 lingle threads, 
whereas I never found. but 200 threads in the 

Page 41 of this volume. 
5 | others. 
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others, If there was any miſtake in. this calcula- 
tion, it could be only in making the number of 
threads leſs chan it really was, becauſe it might 
eaſily happen that the extreme finenefs of theſe 
threads might make me ſometimes take two for 
one; but this number cannot be too great, be- 
cauſe I never counted one thread without ſepa3 
rating it well from the others. I had alſo the pre- 
caution to cut it after having counted it for fear 
I ſhould make a double work of it. 

Theſe 832 threads compoſed two different lit- 
tle cords, which being twiſted about one another; 
made the bit of ſilk 3 having ſucceſſively fixed 
different weights to this bit of 1k, I found that 


it commonly ſuſtained 5 lb. for ſome moments, 


after which it broke; but it was ſeldom ſtrong 


enough to bear 415.5 and in a great number of 
experiments it was not above once or twice, that 


5 lb. 4 did not make it break. Having afterwards 
examined the ſtrength of the threads which com- 
poſed this piece of ſilk, I was convinced by ſeve- 
ral experiments, that the weakeſt could ſuſtain a 
dram without breaking; and the ſtrongeſt a dram 


and 4; we ſte therefore, that if theſe threads are 


much finer than thoſe. which I ſpoke of in the 
Examination of the ſilk of ſpiders, they are alſo 
much weaker, for thoſe ſuſtained 2 drams +, Since 
theſe threads bore at leaſt a dram, and the ſtrongeſt, 
of which I found a much greater number than of 
the weakeſt, bore 1 dram and =, it is evident 
that Jam not too favourable to the ſum of the 
forces of the thread, when I take x dram, 18 
grains for the mean force of each thread. And 
according to this ſuppoſition, the ſum of the forces 
of the thread which compoſe this piece of ſilk, 
Was 1040 drams; or dividing this ſum by 128 to 
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reduce it into pounds; the ſum of the forces 
of the threads was 8 1b. 2 ounces. Now we have 
ſeen above, that the ſilk did not in general ſuſ- 


tain above 51b. and but ſeldom gj ; its force 


was therefore conſiderably leſs than the ſum of the 
threads ? If .we had taken the force of the weakeſt 
threads, which was a dram, for the true force of 


each thread, the ſum of the forces would have 


been 832 drams, that is, 61b. 4 and Conicquehtly 
greater than that of the bit of fl. 
We may therefore certainly conclude from al 
theſe experiments, that the force of a twiſted cord 
is leſs than the ſum of the forces of the threads 


which compoſe it. But it is not poſſible to deter- 
mine in what proportion the twiſting diminiſhes 


it, becauſe this diminution depends upon a great 
number of irregularities, each of which may be 
combined in many different manners. 


Theſe experiments teach us at leaſt, that han 
we can employ, in a convenient manner, many 


little cords, and can ſtretch them equally ; theſe 
little cords would be in a ſtate of producing a 
greater effect, or of reſiſting a greater effort, than 
a cable compoſed of all theſe ſmall cords would 
be. 

Laſtly, if we cannot decide what the firength 
ot” a.cable is, we may decide between what limits 
it is incloſed, by ſeeking what the force of one 


of the ſmall cords is which compole it; and by 
examining what is the number of theſe cords; 
fince we have ſeen, that the force of the cable is 
leſs than the ſum of the forces of all theſe cords. 


IV. 
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The dike OY red body! appears bright atid 
ſhining when it is expoſed ro a ſtrong light; but 
when we view it in a moderate light, it appeats 
to us very dark, and approaching to black. 

We alſo know, that when we view a juminous 
or very bright body through a dark and rare one, 
it appears red to us, as when we look at the ſun 
through a ſmoaked glaſs; and we cannot fay, 
that it is the proper colour of this ſmoke which 
gives it this red, ſince this very "ſmoke being 
mixed with white, makes a colour very much 1 in- 
clinable to blue, which is far from red. 

For the explaining this red colour, we muſt 
have recourſe to what we can imagine of the ſen- 
fation of red, which is only a violent ſhaking of 
the retina, with a certain modification, which is 
not found in the violent ſhaking of the retina 
by reflection alone, which only cauſes white; an 
if the choroides, which, according to my ſyſtem, 
receives the impreſſions of light, to tranſmir them 
to the retina, is very ſenſible, and very thick, it 
muſt happen that the modified light which gives 
us the ſenſation of red, meeting this choroides, is 

intirely abſorbed, and ſhakes the retina only as 
if it was a black body. This is alſo what we ob- 
ſerve in ſome eyes, which being otherwiſe very 
good forſeeing the ſmalleſt objects very diſtinctly, 
ſee red only as if it was black, and have no idea 
of what we call red; and for other colours they 
ſee them perfectly well. 

We know alſo, that when we ſee a black body 
through a white and thin one, it gives us the ſen- 

* March 28, 1711. 
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fation of blue, and there can be no doubt of it, 
Gnce this is the only. reaſon why the ſky appears 
blue to us; for its immenſe depth being 
intirely deprived of light, can only appear to us, 
through particles of air, which are enlightened by 
the ſyn, and appear white. This is alſo the reaſon 
why the black 57 ale diluted with white, ap- 
oe blue ; for the bodies which appear white, 
being always a little tranſparent, and being con- 
founded with the black behind them, give a ſen- 
{ation o blue. N 15 SG 
Theſe two explications of red and blue, new 
us why the veins which are ſeen upon the ſurface 
of the Kin, eſpecially if it be very White, appear 
Kio ahh to us, ajtho? they + are filled with a very: * 
For by what i Jam ere above explaingde: it 
is evident. that the blood which is of a deep red, 


125 ing ingloſed in the veins, is there in ſowe 
u 


re in obſcurity, and conſequently would 
5 like black, and this black being viewed 
ihrough the membrane of the vein, and through 
the White skin, gives us a ſenſation of blue; 


Which cannot happen to the reſt of the skin 


which is white, and filled with innumerable par- 
ticles of blood quite to the cuticle, which muſt 
appear to us of a white inclined. to a vermily 
lion, for theſe particles of blood are very much 
diſperſed : but if it ſhould. happen, by any ac- 
cident, as by ſome blow, that the blood ga- 
thers together in a great quantity under the skin 
in ſome place, the part preſently appears bluiſh, 
and we ſay it is bruiſed. 

It is alſo without doubt this blue colour of 
the veins, which has led anatomiſts, who inject 
wax into the veſſels of the body, to ſyringe 


blue wax into the veins and red wax into the 


arterics 


/ 
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arteries, to diſtinguiſh them from the VEINS, and 
to ſhew a little the different nature of the 


blood of theſe veſſels, for it is much more vi- 


vid, ſpirituous * _ in the arteries e in 
the veins. i 


v. Refledti ons on ſome 1 new obſernations of F. 
Feuillee made in the Weſt-Indies, e- 
tracted from a letter written to Af le 
Comte de Pontchartrain from Lima, Per. 
7, 1799, oy M. Caffini, be Joe. 


At the beginning of his voyage he e 
by contrary winds, to ſtop at Sardinia and Mai- 
ta, which gave him the opportunity of making 
ſeveral aſtronomical and phyſical obſervations; the 
extract of which is related in the Memoirs of the 
Academy of 1708. He alſo made ſeveral obſer- 
vations in the Mediterranean, for determining tho 
latitude of the places where he had the conveni- 
ence of obſerving, of which this is an extract. 


4 


Height of the pole at Golfo di Palma, in the 2 
1 of Sardinia. 


The height of the pole of this 
gulf which is between the ifland of 
St. Antiocho, and the main land of Sar- „ 4 
dinia, Was obferved to be —— 38 59 24 


Height of the pole al Port- Mahon. 


The height of the pole at Port. Ma- 
bon, which is in the iſland of Minorca, „ 
was obſerved to be 


7 Dec. 17, 1710. 


1 . 


39 53 45 


Height 
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Height of the yolg ar Eirthagens, . 00 
The height of the pole at Cartha- ay 
_ Lena, in Europe, was obſerved in the i» 
Port to be b en Th 37 — 


— wig 


w- 


Height of the pole at 1 Almeria. 8 * 75 G 
The height of the pole at Almeria, tit W. 
which is in — kin gdom of Granada, 3 
was obſerved tobe. 36250 18 | 


F. Feuillee Afterwards" paſſed the ſtreights of 
Gibraltar, continuing his way toward America. 
He obſerved during the courſe of his navigation, 
that the ſca- water diminiſhed in its weight, in pro- 
Portion as he approached: the line. He. made 
daily obſervations of it in preſence of the officers 
of the ſhip, and does not believe that the mixing 
of the freſh-water has contributed to this alteration, 
having paſſed the line at a very great diſtance from 
Africa and America, He obſerved alſo during his 
voyage, the variation of the needle, and the place 
of his courſe where there is no variation. ee 

The firſt place Where he arrived in America, 
was Buenos- Ayres, where the bad weather would 
not permit him to make any obſervations of the 
ſatellites of Jupiter. 8 * 


O3/ebvatis ons made at B. Lys on the Rio del - 
oth Plata, the 19th of Aug. 1708-.. 25 
The height of the pole was obſerved F 

at Buenos- Ayres to bea 34 34 44 
This obſervation was confirmed by thoſe of 

che 20th and 2 1ſt of Aug. which give the ſame 

height to the Pole 1 a few ſeconds. 5 


3 


ED 


. =—:;. eos 
4 0 ” "+ » 4 N * 
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iy , 
54 * 
L > ” * 7 * 


be ai of Aug. 


F. Frillte cblerded at Buenos: Ayres 1 Oh 
the variation of the-needle to be 15 a N 
He obſerved alſo, that the medls 

; af the compaſs dipped at the ſoutn 

point, and made an angle with the 5 

true horizon of wh — | 51.2 6 20 


Obſervations aids at Monte Vidio, for the bright 
F the pole, the 23d of Oct. 
F. Feuillie obſerved at Monte Vidio, © 
which is to the ſouth-eaſt from Buenos- 
Ayres, at the outlet of the Rio del „ * 
Plata, the height of the pole to be 34 5 2 30 
It was obſerved the 24th and 28th, to be within 
a few ſeconds the lame. e 


A 
* . — 
534 


Obſervations made at the Cotcepeibn) in the king- 
bun ef Chili. 


Fi. Fruillte determined the height of 

the pole at the Conception, by a great 

number of obſervations of the meridian 

height of the ſun, and fixed ſtars, | 

made in Fen, and Feb. between which, : 

if we take a mean, we ſhall have for , 

the height of the pole at the Conception 36 44 30 


Eclipſes of the ſatellites of Jupiter for the longitude 
of 1 1 the 31ſt. of Jan. 1709. 
1 

At o 3 2 3 in the morning, immerſion of the 


* firſt ſatellite into the ſhadow of 
Jupiter. 
5 5 28 at Paris by the correkted caleu 


lation. 
Not. IV. N*. a8. T 5 


1 138 Th Hisrber and kfenb ss , the 


5. 2 '; 4iffedence-of, the meridians be- 
e eh 534 . mat ee 


1 85: 0 in "he mording NEL of the 
firſt ſatellite into the thadow 
| ; of Fupit N 1 135 
6 58 8 at Paris by the "correfted calew 
| eee 
| 5 : 2 32 difference of the 3 berielen 
Paris and the Conteption. | . 


hs 2 Be 905 of Feb. Jo! 
11 © 62 at night, the immerſion of the 
>. third fatellite into the ſhadow 
| of Jupiter. 

16 1 50 at Paris by the edtrected caley- 

{ke lation, 
5 0 58 difference f "the" Hibiidtans be- 
| =o tween Paris ang the C onttption. 


2171 

413 
£ 4 

1 


4 OY of Feb. * 1 

o 34 4 in the morning i immerſion of the 
third ſatellit ite into the ſhadow of 

Sg Jupiter. a 
5 31 8 5 at Faris by the corte ted calcu- 
lation. 

457 1 difference of the en * 
tween Paris and the Cinreption. 


The 18th F Feb. 


1 2 45 2 in the morning immerſion of the 
. ſecond ſatellite in the ſhadow of 


— 8 


+ Cd 


difference of the mgridians.. between 95 
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Ar 6 48 a7. at Paris by the correfied calcu- 

0 ati lation: 
e 17 145 difference of the meridians be- 
tween Paris and the Conception, 


Taking the mean between the diffe- 


rences of the meridians determiged by 


the obſervations of the firſt ſatellite of 


Jupilen, which; only differ 19 ſeconds 
from one another, we ſhall have the 


pd = 
= 
CY 


h ; 

Paris and the Conception. .......,.— * 

Tunis difference being brougbt . 

degrees, gives the difference of the | 
longitude between Paris and.: the Con · 

ception of —. 75 33 30 

By which #he Conceien is more weſterly than 


Paris. 


olf aal of the variation and inclination of 
the needle, the 27th of Jan. 1709. 
The variation of the needle was ob © 


ſerved at the Conception to be 10 20NE 
And the inclination of the needle 6 35 


Obkraetion made at Valparaiſo, upon the coaſt 
of the kingdom of Chili. 


F. Fevillie determined by the meri- 


dian heights of the fun and fixed ſtars, 


the height of the * at Valparaiſo „„ 


be r 
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Ea 2 0 the fr ſatellite of Jupiter, for the 
5 ef. Haberl the 11 h of March, 1 ne 


- 5 
„ % wow 


At 10 34 13 at night, "immerſion of the fitſt 


* Garellite ! into the ſhadow of £0 
in piler. — | in 4 0 \ 
1 15 2 2 28 at Parts by: the e cone cats 
io anon nt 5 
4 58 x 5 difference of .the meridians be: 
\ > 2;TWeel.: 38 25” 

Bari and Palparaiſe, which l 25 
brought 3 into degrees, gives the diff: 
rence of. longitude berween Paris and , . 7. 
Valparaiſ . —g—“ —— 74.33. 

By which Valparaiſo is more weſterly: zchan 


Parks: 4 4440 * Jo N 


Eclipſe of the ſun, Wo 11, 1709. 


The horizon was full of clouds at the riling of 
the ſun, and 1 could not obſerve it till a Ittle 


5 after. CP OE 


: The 'F 1h of March. 78 Wer "A 
* * BY, 


At 6 19 4 46 in the morning, the fun was 
edt eclipſed one digit. 
71 6 27 27 end of the gclipſe. 55% 2 
F. Feuillie could only obſerve theſe two phaſes: 
of the eclipſe ; and he obſerves, that i in A 
try the ſun is but ſeldom ſen. team 
Thi eclipſe having been obſerved at 10 8 9137 
Paris, and ſeveral other parts of Eu. 
rope, we have deſcribed. the parallel! 
of Valpargiſo in the figure of this 
eclipſe, and found by the phaſe of a That ** 
digit, the. difference of the meridians k wan 
between Paris and Valparaiſo to be 4 Fr 124 


And by the end — 4.53 50 
| Theſe 


\RovYAL'2 r SEER BY Pet 


| Theſe differences are leſs than thoſe which are 
found by the obſervation of the firſt ſatellite of Fw: 
piter, to which it is beſt to keep; becauſe of the 
ſimplicity of the elements which are uſed for the 
compariſon. of theſe ob vat 


Obſervations made at Lima, "the capital 1 . 


F. Feuillie determined by che meri- 21 
dian height of the ſun, the height of 
the pole at Lima to be . f 9 2 1 15 
Whilſt he ſtayed at Lima he obſerved geo- 
metrically the height of a mountãin which he 
found elevated i 4g tdiſes, and almoſt 5 feet above 
the horizon. He too at the foot of tha mountain, 
the height of the barometer, which he found to be 
27 inches 5 lines, Which is 10 lines 4 higher than 
the 26 inches 6 lines 4, which he found at n top 
of the mountain. -. 5 
According to tbe rule drawn FR our e 
vations, the difference in the height of the baro- 
meter which agrees to the height of 143 toiſes, 
5 feet above the horizon of the ſea, ought to be 
12 lines 3, greater by two lines than what F. Fu- 
illle has found, which makes him judge that the 
condenſation and dilatation of the air in America, 
is very different from that which is obſerved in 
Europe. We ſhall not give a further detail bf 
this obſervation, F. Feuille having a deſign of 
meaſuring a ſecond time che Hechte this moun- 
tain before his departure. £0435 1h 
With regard to the beight of che balometer at 
the ſea-ſhore, F. Feu;l/ze found by the'bbſervation, ' 
which he every day made-at land, that it is Pret- 
ty near the ſame as in Europe. e. 
During his ſtay at Lima they felt there ſever 5 
ee and the 7th of Dec. "OP morn- 


. M 5414 * . * , 
CB ing, 


— 
* 
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inge the day of the date of his. letter, thay, had 
two ſhocks ſo ſtrong, that had they, laſted. a: lirtly 
longer, there would not have n any building 
that could have reſiſted them. 


. VI. An Ac of ſeveral 1 ons. made 
20 © ip F. Feuillèe in the wan Dadles, key M. 


Caſſini #be oY Bret) 


Since the bt that F. Fenillie . in 
ne to the Weft- Indies, Which -we have re- 
lated to the royal academy of iciences, he bas; ſent 
- ethers to M. le Comte de Poulcbartraiu, which. ag 
has continued to make 1 in the $0412 ſea. 


1 


able, made at Coquimbo for the longs, 
the .x61þ of April, 1710. 


At 71 1 57 36 at night. , immerſion of the ſecond 
Gar Ave 
16. 51 32 at Paris by . corrccted calcu- 
„ 
4 53 5 difference of the meridians be 
tween Paris wack eee 


74> 72 be 224 of April, 17 7 
At o 6 25 in the morning immerſion of the 
firſt ſatellite 1 into the ſhadow of 
Jupiter. c 
$4 £ at Paris by the correfted cler 
„  _ 
4 54 43 difference of the dn "= 
tween Paris and Coguimbo, , 
0 Which bang brought 3 into degrees, 
gives the difference of the longitude 
between Paris and Caguimbo ot 73 40 45 


July 8, 171. : 
Ob- 


Vr LR I... bs 
. * 


ROYAL e Serkgoks. 113 


0 zr vation r at Wund bo or da hight of 
/ be pole, the 1,71h of April Ag. 310) 
F. Feuiltte obſerved at Coguimbo te 

meridian baicht of the upper edge af ci; 

the ſun, tobe nyt ts — * ol 30 
He continued obErving it the, folloning.days 

till the 28th-of the ſame: mont. 11 vt} 
According to theſe obſervations, 

having regard to the reſraction, dhe _ 3 

ſemi- A1 0 of the ſun, and its pa- 

rallax, we ſhall find the Ns of the... dv: N 5 

pole at Coguimbo to de — 29 64 30 


1) ity. Epi Of 4 
| 08/ervations of the variation and de nale, 5 1 


needle at Coquimbo. 
The variation of ths needle was „b. 


; 1 


5 ys 4 Coqnimba to. be 8 200 


And the inclination. of the needle | 8 25 


Oiſervations for- the <height H the pole at Arica, 
the 201th f May. 


'B. Rinilly obferred ur {ricuahe ines” 


ridian height of the ee the 100 3 5 
fun to be 85 


| 31 49 45 
And che a iſt of May s 
By theſe obſervations, we find the 


height of the ſouth-pole at Arica to be 18 28 0 
eee made at Yo for the — the 


nth of July, 1710. 


> { 


aL 9- 24 57 at night, emerſion of th firſt ſa- 
7 e our of the "Mw of 


iter. de 


, ". I z $4 4 þ you 4 
2 3 * 1 SI <3 & 151 
1 * 1 £ + * 4 * 


- : « » * 
4 1 » a. 7147 * 


. * 5 * 8 4 C 6.42 * 1 
Ly 


: 344 7 be H teronr auMextorRs of the 
At 14 i 39, 11 at Paris b the corredted I cal 


9-53 . lation. Ion 
OY Ds 31 14 Ulfctatcs'6f dhe meridians. "be- 
” 1 4 tween Paris and ,,, 
- Which being reduced into. degrees ac 
e the difference of longitude be- 1 
tween Pari and 779 of 73 44 45 
By which 27 is more veſterly than Paris. 7 ii: 


110 ce ng = the height of the pole a ar IIb, the 


3th of June. 201 
F. Feuille, obſerved at Y the me- 51% 
iki height of che upper edge of Mo 


A en 6 be — e 0 5 30 
He continued obſerving i it the biss ae. 
till the 2 5th of Faly. 

According to theſe ot ſervations we . 
find the height of the pole at 2e to be 17 36 30 


Obſervations of the variation and inclination of oo 
: needle at Ylo. 


The vatiation of the needle was 5 1 97h 
obſerved at Do to be — 6 38 NE 
and the inclination of the needle pot 45 00 

Theſe obſervations, added to thoſe which we 
bave already related, determine more particularly 
the ſituation of the weſt coaſt of South ee 
which 'till now has been but little Known. 1 


1 


VII. Bee, on the 5 tber nome ter, h 
NM. de la Hire the enk. „ 


3 = canon of Cbartres one of my fiend i 
an excellent naturaliſt, wrote to me in Februa 
1709, that having ſeen the papers that M. Nagutt 


1 6 50 13th, 1711. 2 


1s 


Rox ALI a an Aae e 
* publiſhed, hey abe CO 


oy "new hay pro 1655 10 je 
was free from the ) that -hay 4 

ing "alſo 1 "He, cet 2 50 8 1 I have ha: 
upon this th ermo fer, DEA. in the memoirs 
of the Academy of 1.706, he he 1 to ex- 
zmine whether this new thought, . hey 19 e de 
that of M. Amon ch, * 4 4 FLYPRB an cer. 
tain principle. * 

He took. for his den Ba tbermometer 
Vile he 15 Ts f Me made at Chartres, 
from one of thoſe 0 2015085, the ball 
of which was 14 fines outſh ids farts 175 he 
tube 3 feet 2 inches long, to + + of a, Ting of 1 
diameter. * 1 

The 7th of Diteinb# I 598; e "This ter 
mometer into water, which. he 1 let; WI 
out taking notice at oe hei ht the, ps wine 
was in the tube, and when the water was perfect 
1y frozen, the tpi it, of wine was at 1 inches 
7 lines above the It ; ; he afterwards melted the 
ice from the thermometer, by holding it to the 
fire, and believed that the Tpirit of * wine could not 
deſcend lower in this thermometer; not ima- 
gining that there could be a "greater cold. than 
that of water very hard frozen. 

He after wards expoſed this thermometer to the 
cold of the following days, and found that tlie 
ſpirit of wine fell in the tube to 1 inch lower than 
it. had fallen being in water very hard frozen, 
that eis, 1 inch below the 11 inches y lines; 
he believed that the cauſe of this effect proceeded 
from this, that the water was not perfectly frozen 
in its whole maſs, for this reaſon he repeated the 
Peering experiment. e 
Fanuaty the cd 1509, che cold denng very 
greats at $ in the morning he put the ſame ther- 


mometer 


* 
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» q Fagan + 4 2 3 # 2 ws 
, - Ke r _— + 
« of "5 . 8 8 PEEP, $5; 
"Fs * — wid * — * ann, 


*. W 1 
8 E 
_— 
CN — . F 


e 


5 * . % 


146 The Hroroxr and Menoinsof the 


mometer, of which the ſpirit of wine was at 
inches 8 lines above the ball, into water whic 


was frozen iti a very little time, and examining 
ye ttentively what "ſhould happen to the ſpi- 
e 58 wine in the tube, he ſaw that in leſs than 
— a quarter of an hour, the ſpirit of wine rofe 
2 inches I a line above the 9 inches 8 lines. 
An hour after, it was alſo riſen 4 a line more, 4 
noon another + line, and at half an hour after 9 a 
night, it was riſen 2 inches 4 lines 3 above the 1 Aang 
inches 8 lines. He left this chermowieter all night to 
the air and in the ice, the cold being very great, ſo 
that the ice ſwelled and raiſed itſelf above the edge 
of the veſſel, and the next day in the morni 
about the ſun's riſing, he found that the ſpirit 
of wine was riſen in the tube more than 2 feet 
above the ball, and that it was interrupted with 
many bubbles of air very much extended. He 
here finiſhed his experiment, and wanting to diſ- 
ge the thermometer from the ice, he broke it. 
This experiment did nothing but puzzle my 
friend, for he ſaw the contrary happen to what 


| he expected, and to what had happened in the 


firſt experiment, ſince inſtead of ſeeing the ſpirit 
of wine ſank in the tube after the thermometer was 
in the ice, he ſaw it riſe continually ta the height 
of above 2 feet, and interrupted with many bub- 
bles of air, which made him think that the cr 


þad perhaps made the ſpirit of wine fermeiit, 


whence he concluded that M. Nuguet, who 
made uſe of the cold of water in which he put 
ice to conſttuct his thermometer, would have 
found it diffteult always to meet with che lame 
degree of cold. 
I anſwered my friend ſome days after, 50 *. 
quzipted him that the ** had ſurprized 


me, 
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me, and that I did bot believe the 8 great 'cold ad 


& wits 


cauſed a fetmentation in the N "of wine, ine, but 
I was perſuaded that what 
* 4 line, during the firft Half 7515 I. 
hour, that the thermometer, was in the 5 


8 „ „ -% 


was; that when he had put it in, the f 5 
wine, which was extremely 1 15 255 
great cold, becauſe it was ex air, 
and the water was not, had in a 5 4 1 
ed, that is, the particles of cold: which Wete \ 
in, had gone but, and were. jgined-ro'thoſe, of t 

water, which was not fo cold 48 the ſpirit; 5 
wine, ſince it was not frozen, as it 92 557 1 


fruits that are frozen, When th 
Water that is near freezing. 

As to the elevation of hd ocher A nes, « whic 
the ſpirit of wine roſe in the tube, dur Tag te 
reſt of the day, it might very well come 1 
this, that the water being after ftozeig 
ry hard, it had according to cuſtom incteafed tg 
bulk, and made an effore againſt rhe des of the 
veſſel, and againſt the ball of che thernionieter, 
by which it it hack ; by this means diminiſhed ta 
_  Aﬀer having ng giren him a, bc for the e 85 
levation during the day, it remaitied to ex 
how the fpiric of wine had been able to file 
to fo great a height in the .nigtit, and: from 
whence the bubbles of air eame, which. were 
found mixed with itt. 

I could not find a more probable explication? 
not knowing ho to admit the fergienration, 
unleſs it was that the water having continued to 
freeze more and. more, had conſiderably increaf- 
ed its bulk, fo that che lides of the veſſel not 
being able ro give way, the whole effort was 
united againſt the ball * the thermometer, which 

n 


oy 
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7 
14 


not baſing Qrengih, enough to- reſiſt it, for want 
pert Ris; of por. Rabing cen perfectly ſpherical, 
5 ie ; thickneb - in its Whole extent, 


A. 9 
was, 454 a n the eſſure of the ice, 
id 2 ik 0 Pra 45 air Which eſcaped 
1 It gne fter another, and were entered 
to the ſpirit. gt Wine, had obliged it to riſe 
| ih, the 8 k 1 Sent an height, being i; 
Ipted wi 1 5 J er ene 
N be, reaſon * then 8815 1. of, 
| N g 26. 5 tiend the experiments h e had. 
communicated to me; however, as I was afraid 
of being miſtaken 3 in my conjectures, I reſol- 
ved the next winter to make bis experiment; 
but having, only one cold day in 1719, 1 
could. par execute what 1 had projected, and 
15 ol a efer it till this year 1711, in ien 2 
N Hoe Says cold: enough do it. 
The 2d. of, February at II in the: morning 
Oh as, which, always. is in the on 
9 the, obſervatory, and with which 
jake OUT: , riments, being at 24 1 rts, 
Fr xpoſcd© u b d window pd this 6:6 PR W hich 
looks th the north, an, iron mortar full, of wa- 
9 7 2 the middle of which I had 1 755 
the val NE Tf ermometer which I had carriec 
155 the! Faves 07 the obſeryatory, to have a fix 
ed point from whence I might meaſure the. 1 
tings and riſings of the ſpirit of wine in ,th, 
tube, becauſe. .we know that the temperature o 
the air never, changes in theſe caves, : ang that. it 
ſs taken. for a mean ſtare. 2115 
After tbe fl rmometer bad been a quarter of 
in hour. in. the water, upon which there began 
to be formed. a cruſt of ice, 1 found that che 
ſpirit of Wine was fallen in the tube 3 inches 
i line below the mean ;ſtate, I. continved ab- 
| ſerving 


experiments had not chang red Hnec t BN Tor 196 
4. 


| fame place, all niglit, between nd 2 Jn 


q 
| 
| 


Nor Al AcaBeny Senders. fo 


ſerving: it every” qui quarter of an hebr, till: EW 
the- afternoon, co” lee the alterations” \ de wi 

happen to it, but 1 did not obe 4 
ring the whole tine, -and” the ſpirit of” W 

ways remained at the fame place, " uh? he Was. 
ter was | continually” more and Ta 1 
and then ſeemed tõ me entirely To't 17 0 t 
maſs; the thermometer with which wh 


« 
— —— 


and had always remalned Ne 241 


lhe , ill f 


I left my thermometer in exper 


2 9 


third, and the gd at 8 in the fnöfninz, 9 
common thermometer being at 27 parts,” 15 
at 31 parts lower than the preceding day, 10 
that which was in eh riment in the ice, the 
ſurface of which was ſplit in many places, - ro- 
bably by the ſtrength” of the cold, was 
5 inches 10 lines 3 below the mean ſtare,” and con- 
ſequently 2 inches 9 lines + lower hab the by 
ceding day. 

The : ſame day ar 11 in the morning, 1 


the thermometer, that was in experſctent, Ho 


our common - thermometer, which was at. 24. 4 


parts, as the preceding day; ; and after h ving 


left it there ſome time, I found that which 
was in experiment riſen again to 13 lines above 
what it was at 8 in the morning ; ever ſince I 


have always left them together to compare them. 


The 4th, at three - quarters after ſeven in the 
morning, the common thermometer Was 23. 
parts, and that which was in experiment. wa 
3 inches 8 lines below the mean ſtare. _ 

The 5th, at half an hour after ſeven in th 5 
morning, the common thermometer was at 26 
parts, and that which was in expericnent 1 was 3 in- 


The 


ches 8 lines below the- mean ſtate. 
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＋ he. 6th, at half an "hour after ſeven in the 
worning, the common thermometer was ar 254 
| and that which was in erperimene Was 3 
inches 17. lines below the mean state. 
The ths: at half an hour after feven in the 
enomitis, the common thermometer was'ar 23 f 
aer and that in experiment was 4 inches 4 lines 
below the mran ſtateG. 
The Sth, at three quarters * ſeven in che 
reortiingg, the common thermometer was at 22 
arts, and that in experiment, was at e 3 
i * below the mean ſtate. 
* Tl 9th, at three quarters after weren in che 
morning „ the common thermometer was at 30 
oy 35 that which was in experiment | Was at 4 
nches 1 line 4 below the mean ſtate. 

The 10th, at noon, the common whermometer 
was ar 40 parts and 35, and that which was in 
experiment was at 1 inch 9 lines 4 below tlie 
mean Rate, and was plunged i in the water which: 
was come from the ice in the mortar, and was 
melted during the preceding night. 
ln comparing theſe experiments together, we 
ſee tht the thermometer which was in the ice 
has ptetty well followed that which was not, 
wen the cold became greater; but when it 
dimipiſnied, that which was in the ice did not 
follow it ſo well, and it could not riſe ſo eaſily 
as the other, becauſe of the cold of the i ice, which 
ſurrounded . | 

I was ſurprized the 4d of February, when I 
put my thermometer into experiment, to ce 
that a quarter of an hour after it was put there, 
during which time it had ſunk, becaufe before 
that time it had been in a place leſs cold than 
the open air, it did not change for fix hours, 


altho' the water was entirely frozen, but the ex- 
| periments 
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periments which I made afterwards, ſhewed we 
the reaſon of it, by letting me ſee that the degree 
of cold of the air, which. did not change in cheſe 
ſix hours, was greater than was neceſſary to freeze 
the water, and ſo the thermometer which was 
within, could not receive any im from 
it; yet it happened quite the contrary to that of 
my friend, for during the firſt quarter of an haur, 
it roſe inſtead of falling, 5 whence it muſt he 
concluded, that the water was leſs cold than the 
ſpirit of wine of the thermometer, Wich was ex- 
poſed to the air, and it really was. iſo, for it 
froze in a very little time; but it, ought t have 
ſunk afterwards, ſince the cold paſſed through 
the ice, which did not happen, by the reaſons 
which are related at the beginning of this memoir. 

As to the great height where: he found the ſpirit 
of wine, interrupted by great bubbles of air in the 
tube, the next morning, it does not appear to me 
that this effect could proceed from any other cauſe 
than the breaking of the ball, as it is here above 
obſerved, ſince the temperature of the air ag. hard- 
ly changed from that day to the next. 5 25 

It does not ſeem to me, that it can be Aid 
that the cold of ice is always the ſame cold, ſince 
ve have ſeen by the experiments guſt mentioned, 
that the greater or leſs cold of the air, is very ſud- 
denly felt upon the ball of the thermometer which 
is incloſed in the ice, and if the ſpirit of wine is 
ſuſceptible of altera ion. thraug h the ſolid ic What 
will it not I Whew: it rait be —ů ee - 
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1 Ve Oe = on the a litation of 
"the air, made by M. Scheuchzer, upon the 
mountains of Switzerland, with reflectio ont 
thereon, by M. W *, af 5 


3 2 


MI. Scbeucbaer having bent ſeveral experiments 
on the dilatation of the air, made on the mountains 
of Switzerland, in September 1710, to the Abbe 
Bignon, who defired M. Scheuchzer to make ſome 
further obſervations, to learn whether the dilata- 
tion of the air at great heights follow the ſame Pro- 
portion, as near the ſurface of the earth. i 
Accordingly with a tube 33 inches long, and 
2 lines in diameter, he obſerved the height of the 
mercury in vacuo, at ſeven different ſtations, ma- 
ing the common obſervations at each ſtation, of 
the dilatation of the air, by leaving firſt 3 inches 
of natural air in the tube, then 6 inches, then q, 
and ſo ſucceſſively to 30. And he meaſured the 
height at which the mercury ſtood in the tube, 
after the dilatation, as well as the ſpace poſſeſſed 
by the dilated air, after the invertion in the low- 
eſt of theſe ſtations, the mercury ſtood in wvacko 
at 26 inches, 7 lines 2, and in the higheſt at 21 
inches 6 lines, fo that the difference between 
the height of mercury in vacuo, was 5 inches; 
now to find whether the common rule of the 
dilatation of the air among us, be conformable to 
the obſervations of M. Scheucher, I calculated 
the ſpace which the air was to poſſeſs in the tube 
after dilatation, according to this rule, and com- 
pared them with the obſeryations themſel ves. 


e, 711. . 35 
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by this compariſon it appears that the ca/- 


culug; only agrees ,with.obfcrvation,in 771 ae 
es 9 


tations anſwering to the 3 firſt inc natural 


air, in the reſt the e obſerved is leſs 
than that of the fülle 7M as far as the 18th inch 


of natural air, where they agree with each other 


within one or two lines; but froti tlie 18th to 


the zoth inch of natural air, the dilatation ob- 
ſerved is always greater than that calculated, 
contrary to what obtains in the firſt 18 inches; 
the greateſt exceſs of the calculus above obſervation 
was at the gth and 10 inch, and was at 8 ur 
lines, and the greateſt deficiency of the calculus 
with regard to obſervation was 10 er 11 lines, 
at the 24th and 25th inch of natural air: Which 
ſhew that at great heights the air does not dilate 
at the ſame rate as it does near the ſurface of the 
earth, and conſequently that the rule is not ge- 
neral for the whole a of thy air in any 
climate. 

In a former memoir for the year 960/66 
have alſo ſhewn that this rule does not hold even 
in air, much at the ſame height, but in climates 
very different from our own, as that of Mal. 
lacca in theEaſt-Tndies, here by other obſervations 


like thoſe of M. Scheuchzer's three inches of natu. 


ral air, after their dilatation poſſeſs'd a ſpace of 7 
inches 5 lines in the tube, whereas by the rule 
it ſhould have poſſeſs'd'' g inches 6 lines 23 


the difference therefore between the obſervation 


and rule is 2 inches 1 line. -80 6 inches of 
natural air after dilatation poſſeſod 10 inches 9 
lines; whereas by the rule the dilatation/ſhould 
have been 13 inches 3 lines, the difference is © 
inches z lines, by which the dilatation: of the rule 
comes ſhort of that found by obſervation, and 
the like is found in ſeveral obſervatidns made at 
Vor. IV. Ne. 38. & Malacca 
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Malacca, and calculated in the memoir above men- 
tioned, which ſhews that in the air of Malacca 
the dilatation” is much greater than in ours, and 
even than what is found 1 in M. Scheucher s obſer- 
vations. | 

There is Folie confer however terer = . 
obſervations of Malacca and thoſe of Zurich; 
Malacca, where the dilatation of the air is alf 
ferent from that of Paris, the variation of the 
barometer is leſs than at Paris, and the ſame 
holds with the obſervations of Zurich, where 
the dilatation of the air is different from what 
it is at Paris, and the variation of the barometer 
leſs than what is found either at Genoa or at Pa- 
ris; *cis true at Malacca the dilatation is dif- 
ferent from what it is at Zurict, the dilatation 
obſerved at the former place being always leſs 
than what ariſes from the Calculus, whereas by M. 
Scheuchzer*s obſervations, the dilatation obſerved 
proves leſs than the calculated one to a certain 
term, after which it is greater ————Tis obfer- 
yable that at the loweſt place where M. Scheuch- 
Ser made his obſervations, the dilatation of the 
air proceeds differently from what it does atParis, 
though the difference in the height of the mer- 
cury, at thoſe two places, be only 2 inches, and 
yet the dilatation proceeds alike at the ſeveral 

ſtations, obſerved by M. Scheucher, tho? the dif- 
ference between the higheſt aud loweſt place 
anſwered to above 5 inches of mercury, whence 
it may be inferr'd, that near the ſurface of the 
earth, the air varies even in the ſame climate, 
but that tis more uniform at a great height 
therefrom. 

M. Schenchzer made ſome experiments in an 
iron mine, where the air was very hot, on account 
of the fire kept therein to melt the oar, and found 

the 
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the height of the mercury in vacuo, as well as 
the dilatation of the air, the ſame as they were 
out of the mine in the open air, which agrees with 
the experiments related in the memoirs of the year 
1709, whereby it appears that a great heat, as 
that of boiling water, makes no ſenſible altera- 
tion in the dilatation of the air. 


IX. Obſervations of ſome eclipfes ZI the 11 
and fixed flars: by the moon, made in ſeveral 
places, compared together to determine the 
arfferonces of Fhe mer: diam, 2 M. Caſſini 
r 


The obſervations of the eclipſes of the ſtars by 
the moon, made in ſeveral places, being very 
proper for determining the geographical longitudes 
of thoſe places; we have thought it neceſſary to 
compare many of thoſe which have been hitherto 
made, to draw this advantage from them. 
Among theſe obſervations there are ſeveral 

which are related in the Fournaux des Scavans, in 
the Philoſophical Tranſactions of the Royal Society 
of London, and in the Leipfck Ads, from which 
we have extracted thoſe which have been made at 
the ſame time in ſeveral Places. 


.Od&fervations of the eclipſe of the Pleiades by the 
moon, made at Paris, and at Dantzick, the 
3 avon | 


At 13 31 2: 23 at Paris the bright ſtar of the 
Pleiades of the third magnitude 
called Alcyone by Riccioli, en- 
ters into the bright part of the 
moon. 


* fan. 24, 1711. 


2 15 
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15 0 0 at Dantzich, Alcyone enters intq 


od 101 the bright part of the moon. 
16 14 - 5 at Dantzick, emerſion from the 
0 01 dark part. . 25 | { ; 


"its Ih by the means of this obſer⸗ 
vation the difference of the meridians 
between Paris and Dantzick ; they 
firſt determined the paſſage of this ſtar | 


over the meridian which happened a at „ „e 

Paris: alt — 171 5 34 

Its right ation —— „g 305 
And 'i its declination —ꝛ 23232 3 4 


They have alſo calculamad the righes — 
and the declination of the moon ſome hours be- 
fore or after its conjunction, its diameter, and ho- 
rizontal parallax. [ 

By this means they lobe placed in a figure 
which repreſents the projection of the earth in the 
orb of the moon, the parallels of Paris and 
Danizick, and the line that the moon de 
in paſſing by this projection. 

According to this figure, the i immer- 
ſion of this ſtar ought to have hap- „ 
pened at Dantzick at — 

Which gives the difference of the 211 Has 
meridians between Paris and this city 1ů4 0 

By which, Dan!zick is more eaſterly, becauſe 
the hour obſerved exceeds that which is marked 
ppon the path of the moon | Prepared for, the 
meridian of Paris. 


ML The 7 day 
„ 


12 55 2 5 at Paris, Merope enters into the 
bright Part. of the moon. 


4 £1 I 4 


13 56. 


14 


a 
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ny 24 ze a Dantzict immerſion of 1 Me 
rope into the dright part. of the 


r Hie moon. a 
I 15 TY 20 at Dantzick emerſion out cf the 
+ark part. yo uf 0 
The 8 of this ſtar over dhe 
meridian happened at | ay. 14 141 
its right aſcenſion was of 200 3 25 
and its northern e „ ibi. OR. 0 


By the immerſion of this ſtar into 
the bright part of the moon, we ſhall 
have the difference of the meridians "ba. 


ff 


beriveens Pap and Dantzick to ta 21540 ogy: 4 3 


* 1 * 


12 21 20 at Paris 1 wm Elina, 
UGH S into the bright part of the moon. 
ou : 3 4⁰ o at Dantzick, immerfion of Elftra 
is into the bright part of the moon, 

. i 50 o at Dantzick emerſion out 0 


the dafl part. d ns 0 

The paſſage of this ſtar over che Ss 
meridian happened alt 4 12 26 
its right aſcenſion was ; BE 283 6 
and its northern declination == wa 55 


By the immerſion of this ſtar inta” 
the bright part of the moon, we ſhall 
have the difference” of the meridians” 


1 


between Paris and Dantgick. X 2 55 
Eclipſe of Mars by the 3 at 3 


Oxford, and pps Ks * 30 ha Auguſt, 
1676. 5 


h / 


13 33 42 at it Dantzich lng of Mars 
into the bright part of the moon, 

14 46 29 emerſion out of the dark part. 
1 3 
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12 10 44 at Orford immerſion of 0 
FR Of into the bright part of the moon. 

1 3 10 41 emerſion out of the dark part. 

12 14 58 at | Greenwich immerſion of 

Mars into the bright part of the 
moo. * 

13 10 = emerſion out of the duck, part. 
There is an error in the hour bs this! m III 
obſervation, for inſtead of 3 13 10 51 

Me muſt read 13 is! 57 

Which we fee by comparing the | 
hour obſerved with the corrected hour, 
the difference between theſe hours 


— 


1 * 


"$2 
* 


which in all the obſervations. 1 is 20 b 1 55 


In this being only - — ,o 0 5 
Having calculated che wacht aſcenſion, and the 
declination of Mars, and of the moon, at the 


time of its conjunction, and ſome hours before or 


after, they deſcribed the path of the moon, in 


2 figure which repreſents the projection of the 
earth in the orb of the moon, and they have 
there determined the north pole, and the POV 


© of Danizick, Oxford, and Greenwich. 


By the immerſion of Mars obſerved - 


— Dantzick, and at Greenwich, they 


find the difference of the meridians 5 1 70h 15 
between theſe places — _ 1,15 32 

And by the emerſion 1 153 =O 
Buy the immerſion of Mars, obſerved = DL 


at Dantzich and Oxford, they find the 


difference of the meridians between 


theſe two cities r 20 23 


And by the emerfion n 1 20 20 
This obſervation is related in the Journal des 


Scavans of the 18th of Jan. 1677, where it is 
_ remarked that Dr. Halley having carefully con- 


ſidered 
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ſidered the parallaxes of the moon in the obſerva- 


tions of this eclipſe made at Oxford, at Dantzicł, 


and at Greenwich, he found by the hen of 


Mars * 
-—"- difference of the” tnetidiats * 3 
tween Greenwich and Dantzith to be 1 1 
And between Greenwich and Oxford 4 59 
And by the emerſion of the fame * 
planet the firſt of theſe differences is is ins 
found to be — 'T 14 41 
And the laſt = ad 
Theſe differences of the ding FA be? 
ley has probably found by the od method, which 
is by calculating the parallax of the moon at ſeve- 
ral heights, agree within a few ſeconds with thoſe 
that I have found by the method of the 1 
of the earth in the orb of the moon. 
Suppoſing the difference of the me- 
ridians between the obſervatory of e. 4 
ris and that of Greenwich to be 5 10 
As we have determined by the dd 
ſervations of the Satellites of Jupiter, 
we ſhall have the difference of the me:. 
ridians between Paris and Dantzick 8 58 
A little greater than that which is Geberit 


by the e * che Hloiades: mae at Faris. 
and at Dantxick. 


= 3 


Eclipſe of Jupiter zy the moon. « abfruct at Paris, 
London, Greenwich, ie ber 
and Avignon, April 10, 1686. 


h . 
9 40 21 at Paris Jupiter Wachen "oY moon. 


9 * 20 he quite diſappeared in the m Ual- 
ties of the es limb. A 


10 30 2 che a latellits emerges. 
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10 40. 4 the firſt limb * Jupiter beg inst 
| e emerge out of the dark ſide. 
10 40 56 the centre of Jupiter emerges out of 
the moon. 
10 41 36 Jupiter is intirely emerged. 
10 42 49 the neareſt ſatellire to Jupiter emer- 
ges it, is 28 diſtant from Tupiter, 
10 45 T the next ſatellite emerges, it is di- 
ſtant from Jupiter a little leſs than | 
two of his diameters. . 
10 50. 40 the laſt ſatellite emerges. 

9 33 0 at London, immerſion of the centre 
doubtful, becauſe the limb of the 
moon was not well terminated. 

10 30 © beginning of the emerſion. © 
10 31 20 Fupiter is intitely emerged. 

9 32 30 at Greenwich the limb of Fipiter 

touches the moon. 

9 33 42 Fupiter intirely hid. 

10 30 30 A little part of Fupiter emer.” 
10 31 36 Fupiter intirely emerged. 
10 19 56 at Nuremberg by M. Zimmerman 
© Fußpiter touches. 
10 20 47. Japiter intirely hid. 
11 22 51 Fupiter intirely emerged. 
11 2 5 43 the ſatellite which is in the middle of 
the three emerges. 
11 31 ö the third ſatellite emerges. 
10 20 50 at Nuremberg by M. Wurtzelburg 
Jupiter touches. 
10 22 © Jupiter half - > 
10 22 30 Jupiter wholly hid. 
11 19 40 Jupiter began to emerge. 
11 21 20 * wholly pony 


P 
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At 10 30 35 at N © the limb of Jahre 


15 31 41 er the we. 
31 33 Jupiter intirely bi“ 0 
11 35 v Jupiter entirely emerged. Were 
ih 3 24. fs preſs] 
4 11 9 at Dantgicł, t Mae, 
4 touches the moon. 
- 54 immerſion of the centre. 
8 39 Fupiter intirely hic. 
11 49 15 beginning of the emerſion. | 
50 © emerſion from the centre. 
11 50 45 total emerſion of Jupiter. 
9 K* at Avignon, _ immerſion. of the 


centre of Fupiler. 
988 26 emerſion of the centre. b . 52 
By the firſt obſervation made at Pari, 5 


and at Greenwich, when Jupiter touched 
the moon, they find the difference of es "I 
meridians between theſe two panes) 1 9 20 
By the total immerſion ? 9 3 3 
When a part of Jupiter was: emerged / 9 20 
When Jupiter was entirely/immerged - 9 34 
By the obſervation made at Paris, and 
at London, they find the difference of the 
meridians between theſe two cities, when 
Jupiter began to emerge 9 50 
When he was intirely emerged 1 10 0 
By the obſervation made at Mitembers | 
by NI Wurtzelbaurg, they find the diffe- 
rence of the meridian between Paris and 
that town when Jupiter touched the moon 35 30 
By the central immerſion '—— . 35 0 
When Jupiter was intirely hid 34 45 


vor. IV. Ne —_ + - When 
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When Jupiter began to emerge 43 

When he was entirely emelgs d : 

M. Zimmerman's obſervation gives W 
of ſome ſeconds which * a Proceeds from the 
RT of regulating the:-alock. .. 

y..the obſervarion made at Teig, 


| 8 find the difference of the ſet, 54 9 
between Paris and that town, when Ju- 2 


8 touched the moon 5550 10 
By the immerſion of the centre 40 0 
When Jupiter was intirely hide _ | "89 50 


By the obſervation made at Dp 
N we find the difference of th 


e etween. Paris and War {x 


town, when the limb of f Jupiter t touch- 


h 

ed the moon ....... . 1E 5 4 

By the, immerſion of the centre $, . 
N — 14 4⁴ 
When Fopiter was intirely 8 39 
„When Jupiter begun to ga out of DS 
oon — 1 4 55 
By the emerſion of the centre a 1. 4. 40 
. By the total emerſion —— I 415 


As for the obſervation atiudnignen, it would: be 
uſeleſs to compare 1t with that which has., been 
made at. Paris, there being probably ſome er- 


ror in the time marked by the clock, ſince the 
difference between the hour of the immerſion from 


the centre of Jupiter into the moon; and that 
which was obſerved at Paris, i is 1 two mi- 
nutes. 7 8 


Tak ing 


Nov AL ne Scirxers. WR 


| Takin a.m tween ., be X 
the ring am . on "it un Wa 
dians which refült From” "1 n Of RT... 
| | theſe obſervations, we Thrall” kay 12 22 
have the difference of he D055) gibt 4 
meridians between Paris; ee Ho diner 
and Lo u BEL 700 Pro 1 to the weft 
Between Paris and tha: dh Ol En we 
obſervatory? at 'Gromnwich = 45 7 2 
Between Paris and Na- vt I Bade 
ee . 2 o che call. 


Between Puri and n "In (oſs 1 ; 


78 


* i; — * . 


Leiphck — 
Between Paris | 
Dantzick | ; dis | 3g ö 


än 
Nan 


"Edie * iter 3 * moon,” Wir oat 
Avignon, 3 pier don, and ne 


1 
9 14 
> 


the 7th, 16 6, e N e 


9 


I 5 3 7 23 at Ah owt tintharfiod" of che centre 
| of Jupiter into the moon. OO 
16 28 24 emerſion of the centre. 


I 5 3 30 at Totteridge, beginning 10. 1e im- 
merſion of eee mann, 
Tbe latitude of 7 vlteridge i is 5 39 
And according to Dr. Hally, this place is 


25 ſeconds-to the weſt of eueren 9 2 
e from it. HY 


15 49 © at London, „ total Wat oh of raue, 


1 2 Al- 


Wo” en einm 
— RY — 
_ k—k—ͥ ́ ʒ ʒ —— cd 3 _ 


_ — — — — — 


( ĩͤ TTT 
— < EEE vor nn 
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— . - = 7 — Bae ow TS > _ * o 9 
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don, cat the 
and at the end of the emerſion, by the 


between Avignon and London 


26. — — 


Although ag ee a; 
was made hi the centre © 
tered into th 
we mayi\hawever: compare vi) with — + yl 
which were imade at Totgenidęe aud 8 i w. 
g of the. immerſion, n 


means of the diameter of 1 which , „ 


was then o 50 


By the firſt obſervation we . find the 
difference of the meridians between Avig- 
non and Totteridge 


By the emerſion of Jupiter obſerved at 


20 20 


London, we have the difference of the 
merit ians between Avignon and London 19 20 


If we ſubſtract ſrom the difference of 
the meridians that we have juſt found be- 
tween Avignon and Totteridge, 25 ſeconds, 


by which Totteridge is more weſterly than 
London, we ſhall have the difference of 


the meridian between Avignon and Lon- 


don —  —— — FF 


„Taking a mean between the differences 
Which reſult from theſe obſervations, we 
ſhall have the difference of the meridians | 
From which if we ſubſtract the diffe- 
rence between London and Paris, which 


we have found by the-obſervations of the 
atellites of Tupucer, to be 9 40 


We 


Hor. io 

This —— with thatwhich/ 1. 7 

we have found: by the ttiangles of the 

meridian a d d. 2 
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LJ. On the progreſiue motion of fone fot 
Jabes, or ſea- animals. | 
III. On tbe declination of the needle. > 
IV. Of a cavern which is exceedingly told f in 2 
mer. 
V. Of a ſpring which makes the teeth — Fein 
VI. Of the vie mg of the ſea in the ſtreigbis of Do- 
ver, when the tide ebbs. 
VII. Oz the principal organ of viſion, and on the 
ſtructure of the optic nerve. 
VIII. On the experiment of the eyes of the cat 
immerged in water. 
IX. On the re- production of ſome ny of cray- 
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I. Obſervaticns on the rain, and upon the thermo- 
meter and barometer at the royal obſervatory 


during the year 1711, by M, de la Hire, 
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II. 


A TABLE, Ge. 167 
Il. A e 4 225 275 made at Zu- 


in nn 

IV Regi, on the e of the barometer, 
' taken from a letter ir ten frum Hpfal in Swe- 
_ deny by. M. Vallerius, dipetior of: ſe Wt mines 


of copper in thoſe parti, by M. 
on. 
9 continuation of the dieting on the be- 
2oar, by M. Geoffrai, jun. 
VI. A machine to diſengage the horſes — and 
at once from a coach, when: they are brad-ſt 
and runaway, by M. de la Hire the fon, 
VII. A compariſon of the obſervations q of thi eclipſe 
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and at Paris, at en nn 5 he 
: de * Hin ire. 


. . 1 2 7. * * * 
— 1 . » , 4 
TY $3 3 » 3 4 {On nYSgy ; 41 3 1 
& Sis 3 . * * - > v 4 * - 


the 


+} . AF. 


or THz 


PurtozornicaL Dare _ On- 
SERVATIONS in the. IIS ToRY of the 
ROYAL. Ac AD EMW of . SCIENCES at 
wh a9 fe the Year 1712. | 


x - 1M Bees. 
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1 HO! the reputation. of ine Is very ancient, 
and well eſtabliſhed, yet they have not 
been thought ſo wonderful as they really are; 
and we —. ſay of them, as we ſometimes ſay of 

ſons of merit, that they” impro bein 
— = with them. M. rn parks 
52 them for many years, with attention, 
and diligence, has given a very advantageot nel 
circumſtantial teſtimony concerning them; which 
we ſhall reduce to the points of greateſt-- impor- 
tance, and the moſt eaſy to be wh. mort 

The bee gathers both wax and honey from 
flowers, but not with the ſame organs. As the 
honey is a liquid ſubſtance, which exudes from 
the flowers by tranſpiration, the bee ſucks it with 
a tube from the bottom of the empalements, and 
attacks only thoſe where the empalement is not 
too deep for the length of its tube, when it is at 
full ſtretch; for it is bent double when the bee is 
not gathering honey. The liquor ſucked up by 
this tube, is drawn into a little bladder, tranſpa- 
rent enough to ſhew the colour quite throꝰ. Part of 
it ſerves for the nouriſhment of the animal, and | is 


V „ i. 
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ae its veſſels. We ſhall ſay what 2 
comes of the other in its proper place. As for 
the 2 is che duſt & t e ein . the 
flowers, the bees take it with their fore- feet, and 
ut it into a little cavity, which they have in their 
Kaser er They often ſqueeze and preſs it with 
their feet, not DI RE they may have room for 
more, but alſo to reduce it into a fitter form for 
being. carried away. Sometimes they roll them- 
| ſelves upon the flowers, when they are wet, to 
carry off little particles of wax, which will ſtick 
to the hairs that coyer their whole body, and fo 
load themſelves on all ſides. | 
When the bee is returned to the hive withiits 
harveſt, it either unloads itſelf in an inſtant; c 
if it is not able, is ſure to be aſſiſted by others. 
The deſign of gathering the wax, is to form 
that wonderful ſtructure called a comb: it is for 
this, that the bees have always been admired; and 
are ſtill more admirable than has been imagined. 
The hexagonal figure which they give to the cells 
of their comb, would be worthy of the beſt geo- 
meiricians, who know that any number of theſe 
figures fills a ſpace without leaving any void; and 
that this figure alſo, which has that in common 
with the ſquare and equilateral triangle, has cer- 
tainly the advantage of containing a greater ſpace 
in the ſame circumference. And beſides, of all 
the geometrical ways of working, they have 
choſen that which is at the ſame time the moſt 
ſimple, and the moſt convenient for them; aad 
—— they have made a very ingenious 
choice. * I ds py 322 


Though there ſeems to be nothing. in a..hive, 
but a continual and irregular agitation of. ſeveral 
thouſands of inſects, flying about at random, yet 
there is in reality a great order; but it muſt be 

Vor. IV 39. 2 ſtudied 
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ſtudied with care. The labours are diſtributed 40 
among the leavers, Some bets. bring wax be- 
tween their two jaws, and perhaps: they” e our 
ſome liquor upon it, which dihites and ſoftens it ; 
ſometimes the ſame bees raiſe from this wax the 

Httle walls of the hexagonal cells; ſometimes 
others have this office; but, in ſhore, thoſe which 
raiſe the cells are not thoſe which poliſh the 


work; they are ſucceeded . by. others which are 


commiſſioned to make the angles more exact, to 
ſmooth and poliſh the ſurface; and to giye the 
laſt hand to every thing. And as this cannot be 


done without cutting off ſome particles of wax, 


and as the bees are extremly frugal, ſome tak: 
care to carry away theſe particles, which we may 
be ſure will not be loſt. M. Maraldi has Ob. 
ſerved, that the bees which raiſe the walls, Work 
Jefs time than thoſe which poliſn them, as if che 
labour of poliſhing was the leaſt fatiguing. 

Their diligence is extreme. A comb of a a foor 
in length, and 6 inches! in breadth, containi 
near 4000 cells, is finiſhed in a day. For this, 
however they mut have all circumſtances fayour- 

able. | 

They faſten one comb to the top * the fe. 
Fivkh 5 they work downwards, provided the 
top is not a-moveadle lid; for if it is, they Will 


perceive it, and faſten their comb elſewhere. It 


18 not properly wax that they faſten it withat; 
they are very ſparing of that, and make uſe. of a 
ef coarſe glue. 

As the combs are planes pethentliclrs Me 
baſe of the hive, which I ſuppoſe to be circylar, 
if there was one of them, of which the bott 
+ was a diameter, or an intire chord of this baſc, it 
*wonld cut the hive into two parts, which could 


have no communication together. The bees fore- 


ſee 
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ſee this inconvenience, by not making their he 
of ſo reat an extent, and leaving between two 
nei glibouring comBs, which are almoſt in the fame 
ane 4 a ſpace by which two bees may paſs a- 
beat. "They ls ſeave” fome openings in each 
comb, that they may not be obliged to go fo far 
about, Here! 1s 3 25 buflt wich a 155 deal 1 
skill. 
The cells a the eamde are intended for two 
uſcs. 1. They are their magazines; they , 5 
in cen the 01 &.. which is ro be their: nouri 
ment in winter. For of that which they take 
upori the flowers, and which enters into the ve- 
ficle that we have 1 of, there is but a ſmall 
part Which ſerves or their actual nouriſhment, 
they throw out the reſt when they return to their 
hive, and make proviſion of it. Beſides, "thei 
keep in the cells already made, the wax which is 
to be uſed'to make others; or to ſerve for any 
other purpoſe. rel 75 

2. The cells : are the endley for the young ones. 
But whence do thele yo dung ones come? It is one 
of the greateſt difficulties relating to this ſubject 
t0 make the diſcovery. © 

The fabulous traveller who f. peaks of a nation, 
where there 1 is no diſtinction of ſexes, and where 


he could not diſcover how generation was per- | | 


formed, might have taken this thought from the 
bees; Pal Virgil was not in the wrong to praiſe 
their chaſtity, or even to believe the fable of the 
bull, for want of a better; Ih a whole hive com- 
poſed of 8 or 10,000 bees, there is but one per- 
haps which breeds. It is longer, and of a more 
lively colour than the reſt; it has a grave and. a 
ſolemn deportment, and is what they commonly 
call the king. There are ſometimes 2 of theſe, or 
at molt 3 in a hire, Now has cauſed a ſuſpicion, 
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that the Jedge of generation belongs only: to 
one, 8 >ars from M. Maraldi's obſervas 
tions, dare ” only to this royal ſpecies. 
The wWofe body e Ache people is condemned to 


3170 f 22 QAO! ne. Bob ; {4 To 2+ Va % 


nneſt! 
A Moſt agen the ki breeds bis young in 


Weh pats bf the hive Where he cannot be ob- 
Jeryed; but When by good fortune he makes 


THEE of othtis'more*expoſed' to view, ir is Mill 
*peneratly'ery „Gifffcult to ſce him, becauſe the 


Hees draw cle before him. This curtain is 


Their -ownfelves hung from top to bottom, and 

hooked do each other by little hooks that they 
"have in their feet. By this means they can make 
"fact figures in the air as they pleaſe. The king 
f eonceals Himſelf thus; either Gut of care” forihis 
n 8 ot perhaps through modeſty; for there is 
20 *nothing that We may not imagine of the bees. 
But however he has not always been able to eſrape 


M. —— He has perceived him to be 
follewec by à court, moving with his folemn air, 


And depoſiting i in 8-0r-10 cells, one after another, 
Nerz many little white worms,” which are afterwards 
to be changed to bees. Whilſt this is doing; it 


ape 'by-fome particular motions of therbees 


Which com fe his retinue, that they careſs, ap- 

plaud, or encourage him. After this he retires 
into the inner part bas the Moe from whenev he 
ſeldom comes out. 125 11 
By the 8 or 10 ti which 10 depoſits one 


ci another, in the little time, and in the cir- 
Jl C3: 


cumſtances that have been obſerved, we may 


g judge of his fruit fulneſs quring the reſt of the 
time, when he is not perceived ; that is, during 
br 

Os.” "When he 1s ſingle in a hive; which is 
moſt ufadl; he is the only one that produces: chere 
213.5 | comes 


almofſf the whole year. It muſt needs be prodi- 
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comes out of this chiye 1n.the-compals; of à year, 
one ſ warm at; leafty which may cn 612 50 
13000 bees; ſometimes there cc dez or g15 
and yet it is as. full at che. end of ichs ſummer, as 
it was at the beginning of ſpring. A now ſu 
therefore, if it ois only one of they car, muſt 
conſiſt merely of chel King's family, - 


tllere are none but young bees in it wand if cherp 
are any old ones in it, there remaing incthe hive 
an almoſt equal number of the young ones, Which 
were produced by the king, which comes :to-.the 
ſamenthing. It is not probable, that the king 
hieb comes out — —— hive with — 8 


King, — yo frar of carrying His fraicfulneſs 
more than neking yp that than. went. out but one 
wich the firſt warm, and that the other, or two 
others remained in the hive, and produced their 
young. If this be ſo, a king may come forth 
with an entire new ſwarm produced by himſelf, 
and ſo be literally the father of his people; whereas 
. WU - the other kings wil only be the brothers, becauſe 
; they came from the ſame bee. Which way ſo- 
X ever e take it, they have this particular privilege, 
that their king is given them by nature herſelf, = 
It remains to inquire from whence his fruitful- 
neſs ĩs derived, and whether it is from any copu- 
lation. There is hardly any hiye wherein we do 
not find ſome drones, and ſometimes ſeveral hun- 
dreds of them. They are made like the bees, 
only they are about + longer and thicker, and 
have no ſting. They have none of the laborious 
ee of the bees, nd remain: abſolutely idle. 


They 


we % we — — 
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They go very little out of the hive, ypleſs. in 
very fine weather, and return again withqut, brings 
ing any. thing with them. Not but that their 
ficle is, filled with boney, but they are uſpetied o 
have robbed the hive of it, becauſe they are not 
ten to ſettle upon flowers. And even if they 
Would ga to gather any, it would be only for 
e and not for the publick good; for 
M. Maraldi has found, that upon fqueezing their 
veſicle, there came no honey out of it, as there 
does aut of the bees; and..ſo the drones. are not 
capable of throwing it out again. We might ima- 
gin: theſe animals to he the males of the great bee 
ing; and that they are ſuffered in the hiye only 
as their idleneſs would be ſufficiently recom- 
penſed by this important fur ction. And what 
Vould ſupport this opinion, is, that at the end of 
the ſummer the bees make war upon the drones 
without mercy, Kill them, or drive them out of 
the hive without quarter, ſo that we do not know 
what becomes of them afterwards. One would 
think that the cauſe of their misfortune mighs be 
their being become. abſolutely uſeleſs, — 
they do not perform the work of generation in 
winter. But what cauſes a great deal of difficulty 
is, that M. Maraldi has ſeen ſome combs without 
drones in ſummer, and at a time when the cells 
were well ſupplied with little worms. | 
The myſtery of the generation of bees remains 
therefore pretty, much concealed, but the care 
which they all take in common of their young 
ones which they have not brought forth, and 
which belong only to their king, is very viſible 
and remarkable. They ſeem to be regarded as 
children of the ſtate, They give each little worm 
in its cell ſome drops of liquor for its nouriſ] 


ment, and then make a waxen cover for the 2 | 
an © _ Theſe 
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Theſe different operations have their regular times, 
and ate without doubt for the uſes of tit embyron. 
We leave the particulars of this to M. Mara ldi, 
as alſo thoſe of the Tuctallive growths'of the worm, 
which being at laſt changed to 4 fly;pierces 
the lid of its cell, and After continuing ſme time 
in a languid ſtate, flies about with * che reſt. It 
is remarkable, that the bees carry theif frugality 
to fuch a length, that they will not ſuffer chi 
broken hd to be Toft.” They take up the wax; and 
carry it into the common magazine, to be uſed 
ane w); at the ſame time they give the cell its re- 
gular figure, if it has been altered, and put it in a 
condition to ſerve again for the fame purpoſe, there 
have been worms lometimes running it — wy — 

cell, in 3 months time. | "TY 
| The drones proceed from che king en 2s 
the bees; there are in the combs cells larger than 
the reſt, intended for the worms Which are to 
change to drones, and conſequently require more 
room; theſe worms are produced by the king with 
the ſame ceremony, and afterwards treated by the 
public with the ſame cara, as thoſe which are to 
be bees 3 all is equal 'till the end of ſummer, but 
when the time is come for the bees t&/feclare war 
againft the drones, their fury extends even to thoſe - 
which are yet but worms; they break che lids which 
they themſelves had put over them, and pull them 
out to kill them, and throw their little carcaſſes 
out of / the hive, a change very difficult to be com- 
prehended in ſo wiſe a nation. 

We omit a great many particulars related by M. 
Maraldi, to mention all the wonders of this inſect 
would carry us too far; and how many*wſects have 
their wonders yet unknown ? and how many others 
have theirs, which wil be unknown for ever? 


— 
2 


An 


1 —_—— TO IT 3 * Fe > > Ro a * 
bu DI c — HI NC or R ˙ CSE 


Rd 
* 
* 
1 
1 
2 
- 


— 


#76 The Eier oY ini e torre g py 


3 5 ID (0 * Rt. 117 "FB Ay" NM - 2419 ee . 


1 


vt) "Aw explanation of the e p, 
D i Hani 336 £4180 Wii £09 IN DUEL 
— 2 1. The Eing, or ther ou of che ee 
in its natural bigneis. ) £1.55, 19, hk. 
2. The drone in its natural date. i ig 
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je larger 
Jittle Cparnted from one ; another to ofhew then 
the better. „ 24415 5 ary 
5. The head of the bee wothew its jaws... 143 
6. The leg of the bee magnified, detached 
From the body of the bee, and Ioaded with wax. 
7. The baſe of the celt] in a horizontal. ſituation, 
to ſhew more plainly the figure of the egg imme- 
diately after it is laid, and in what manner it is 
uſually placed upon its baſe.” | e 
0 4 baſe of the cell in its venice and natu- 
ral ſituation, with its egg changed into a worm 
or maggot, and ſurrounded with a ſmall quantity 
of liquor 4 days after it is hatched. : 3, FS(URG 
e The worm ohne 8 days after it ĩs harch- 


Tone The ſame worm 12 avs after it is bach. 
ed, having changed its figure and ſituation. 
11. The ſame worm changed into a Chryſalis 
larger than nature. Ic repreſents the bee while i 
is yet white and ſofſt. 

12. The figure of a cell detached from the ſt 
and ſeen on the outſide, - - 

- 13. A part of a comb which ſhove in what 

manner the cells are ranged in the two. e 
faces. of the combo. 1 bs 

14. A piece of comb which el the 
cells ſeen on the inſide, with the apertures 
ſtrengthened with a rim. = 


* ** * 
75 * - = 
- 4 - 
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15. Several cells from which the des Have 
been.taken off only. to ſhew "the . Thie 
figure ſhews how the baſes are ranged with regard 
to cach other ; and in vrhat manner the two or- 
ders of cells are formed in the 2 faces of the 
comb. For the angle A repreſents the concave 
ſolid angle at the bottom of the cell in one face 
of the comb; the angle B, and the others of the 
ſame order ſlie w the ſolid angle which is convex 
in the ſame face of the comb, but vontave in the 
oppoſite face, and is found at the mene * th | 
cell oppoſite to the firſt. 1 
16. Repreſents a canal, hos ori 1 1 off which i is 
at A, where the 4 glandulous bodies oo and ies 
extremity in l. 
17. Repreſents a part of the ame amn much 
larger than nature, to ſhew more diſtinctly the 
two wings which are at A, che bag en 2 


ligament CM. 42 
18. The bag A la dla in the ing 

figure, to diſtinguiſh t oſe folds in which the ms 

minal matter paſſes. +, „ (% ien 


19. Is the ſame portion of the canal as in 
Fg. 18. but ſeen on the other face, where are the 
5 portions of black rings, and of che conſiſtence 
of horn, which embrace a part of the exterior _ 
W — „ err ee 020 


Il, Os the „ motion 50 fene FFI | 
Albes, Dr Sea-anima 7 wok pig 84 


[2 *3. _ 


This is the continuation of be begun in 
the hiſtory of 1710. Natural hiſtory i is immenſe, 
and that part of it which i is expoſed to our eyes, 
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is nothing almoſt in compariſon. of what is. more 
concealed, and. cannot be. diſcovered without a 
great deal of time, leiſure, patience, ſkill. and A 
{ort.of- _ which: every, Body is. not endowed 
With 1 

The ens is an wa FA Ir in a _thell 
almoſt after the ſame manner as a knife or r 
is in a round ſheath. This ſhell; is formed of. 2 
halves of a hollow cylinder, cut along 1 its axis, or 
length, and theſe two pieces are joined on both 
des by a membrane which ſuffers them to re- 


cede a little, and approach again. The animal 
- which inhabits this cylindrical ſhell, keeps itſelf 
always plunged perpendicularly in the ſand,” but 


always with its head uppermoſt. Its head is diſ- 
covered, not by its ſhape, but by two tubes, 


Which receive and reject the water neceſſary for 


its reſpiration. The purr which was mentioned in 
the place above quoted, and ſeveral other ſhell- 
fiſſies or ſea· animals have ſuch tubes. The lower 
part of the razor-fiſh is that which ſerves for its 
progreſſive and perpendicular, motion, for it only 
Plunges itſelf into the ſand, or raiſes. itſelf; a 
little above it. For this purpole i it has a . ſort of 
Jeg which it. thruſts out of its ſhell when it pleaſes, 
and it is cylindrical quite to its lower extremitÿj; 
or, when it is thruſt out, it becomes a ſort of ball, 


the diameter of which is greater than that of the 


cylinder, If the razor-fiſh has a mind to plunge, 
it thruſts out this whole leg, and conſequently en- 
gages in the ſand the great ball which terminates 
at, then it contracts the leg, the extremity of 


which being engaged in the ſand by, a great ſur- 


face, does not find it ſo eaſy. to riſe again, as the 
thell does to go down. If the animal would raiſe 


itſelf, it. only thruſts out at firſt the N which i is 
to 
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to become a ball; and then it enteavbuts to pros” 
long the reſt of the leg ; broeylindrical part, and 
thruſt it out, and this 3 part reſting upon the'ball;; 
cannot prolong it without making it go down, or 
puſhing the whole ſhell upwards. But it is more: 
eaſy for the ſhell to riſe; than for the ball to go 
down; becauſe the ball reſts e the fand by: 
too great a ſurface. OE, 
It is eaſy to cauſe chile two. _— in a razor. 
fiſh. When the fea is retired, and has leſt the 
hole where it lodges uncovered, which is eaſily» 
found by its ſhape, we need only throw a little 
ſalt upon it, and the razor-fiſh will immediately 
come half out. It is then eaſy to take it, but if 
we would ſee it plunge again into its hole, we 
need but touch it, and it is the ſame thing, if we 
miſs catching hold of it. After this, it is in vain 
to throw ſalt upon it, for it will not come out 
again. M. de Reaumur, the author of all theſe:ob- 
ſcrvations, thinks it is its averſion to the ſalt thrown. 
upon it, and its endeavour to ſhake it off, and 
get rid of it, that makes it come out of its hole. 
For he has found, that upon putting ſalt on thoſe 
tubes or horns, with which it reſpires the water, 
the little cylinders placed end to end, of which it 
is formed, ſeparate at their joints which have 
been touched by the ſalt, and fall upon the 
ground, or need oniy to be touched very lightly 
to make them fall, which deſtroys an organ very 
neceſſary for the animal. It is ſurpriſing that ſalt 
ſhould be fo injurious 1 to an EY: wincighves | 
entirely in ſalt water. Ane 
The dail is another fore of thell- 8th; which is 
always found plunged in the ooze, or in the banche, 
which is a ſoft ſtone, but very hard in compari- 
fon of the ooze 3 and M. de Renumur proves ro 
4 bo 


— 
— 
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be nothing hut ooze hardened; : and petrified by 
the: viſcous: part of the ſea water. The figure of 
the dail, and:;of its hole, is almoſt-that of'a:trun« 
cated cone, the ſmalleſt baſe of which is | 
uppermoſt; and; conſequently the dail dees io 
come out of this hole: It muſt have gone into 
it, or rather: hallowed it when it was young 
and afterwards; have plunged it in farther, and 
augmented it in proportion as it grew. This is 
its whole progreſſive motion, which is only. that 
of its growthz and therefore can be only of an 
extreme ſlowneſs. The inſtrument with which 
it bores is à pretty thick part, and made almoſt 
like a lozenge, and it thruſts it out at che lower ; 
end of its ſhell. ? * 167 57.5 
At nwſt be imagined, that M. * 33 
made uſe of ſome artifice to diſcover theſe forts: 
of operations, which are performed only in obſcua 
rity, and in ſecret. It was by holding a razors 
fiſn in the air between his fingers, that he ſaw it 
thruſt its leg out of the ſhell, and make the fame 
efforts that it would have made to plunge” itſelf 
into the ſand; and it was by taking a dai out of 
its hole, and putting it into the ooze, that he _ 
the action of this part made like a lozenge. 
All the young dails are in the ooze, and allche 
old ones in hanche, which proves that the bancbe 
is 00ze petrified. Very often the upper and — 
part of the hole is anche, and the reſt is ooze. 
We may plainly ſee that the upper part, which 
receives the impreſſion of the ſra · waters more ea- 
fily, muſt be the firſt that petrifies. It is highly 
probable that the dails live a long time, for the 
change of the ooze into  banche, which is made 
during the life of a dail, muſt be made but T_T . 
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4 The dai has alſo a tubes, witk uhich it takes: 
in the water, and throws it out again, and the 
length of theſe" ras the depch at which ãt 
keeps. sgi ads no :boep 
NI. = N tiasobſerved a ſea· ſtar with! 3: 
rays, like that mentioned in the Hiſturyof 2 10 
but it has no legs to theſe rays, and differs als: 
ſo from the other in thejp being ſhaped like lizarde 
rails, which is its characteriſtick. The g rays- 
are themſelves the legs; the animal hooks two o 
them to the place to which it would advance, and 
trails itſelf upon theſe two, whilſt the oppoſite 
ray bending elf a contrary way, and reſting upon 
the ſand, puſnes the body of the ſtar- fiſn toward 
the ſame place. There are two others which re- 
main uſeleſs, but they would not be fo if the ani- 
mal had a mind to turn either to the right or left? 
and thus we ſee how it might go on all ſides with 
equal facility, only by uſing 3 off its legs or 'raysy 
and leaving the 2 others at reſt. Perhaps alfo 
nature has given 5 legs to this animal, becauſe as. 
M. de Reaumur has obſerved, they are very brittle, | 
and have occaſion for a reſerve. © | 
It is by a like mechaniſm that the ſea-urchin; : 
or ſea-hedge-hog walks with 2, 100 ſpines, with 
which its body is on all ſides ſurrounded. It 
draws itſelf with thoſe which are toward the ſame * 
place to which it would go, and puſhes itſelf to- 
wards the ſame place with the oppoſite ones, all 
the others remain without action during that 
motion. Which way ſoever it would place its body, 
it has legs to go in that poſition. It has the moutw 
however commonly downwards, that it may feed? < 
Beſides: its 2, 100 ſpines or legs, there are 1 300 
horns, which are of the fame uſe to it as the horns © 
to a ſnail, or a ſtaff to a blind man, to feel the 


| * Lee Vol. II. page 323 of this abridgment. 
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ground upon which it Walks, and afterwards as 
anchors bs, 2 veſſel to fix and hook it where it 
pleaſes. It is plain, that as nature has ſet its 
whole body round with f. ſpines or prickles, the 
horns alſo ovght to be prickly, ſince the one can- 
not be in action without the others. M. de Reaumur 
has ſubverted a fact related in the Hiſory of 1709“, 
on the credir of 7 an able man, which however was 
falſe. This difficulty of obſerving obſcure or 
complicated things ſufficiently juſtifies ſome mi- 
ſtakes; but 1f miſtakes were inexcuſable, it would 
tn. ſtill more inexcuſable not to ackponledgs 
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<Phare IV. fig. 20. repreſents a heap of ſand, 
GGGGKKK, Which muſt be imagined to be pro- 
longed a good deal below KKK; in this heap, are 
the figures 20, 21, 22 
Fig. 20. repreſents the aperture ITT. Ge. 
of the holes of the ſolen, called in Englifh the 
ſheath, or razor-fiſh. 

Fzg. 21. ſhews a razor-fiſh riſing above the 
ſand, after the fiſher has thrown ſome ſalt into the 
aperture of one of the holes T, the fleſhy. Part 00 
is then purſed np. = 

Fig. 22. ſhews' a big riſing without com- 
pulſion above the ſurface of the ſand, to refpire 
the water; the part which then comes out of the 
ſhell, ſeems to be . compoſed of 2 tubes ſet cloſe 
together, ANC, aHc, the firſt is bigger than the 
ſecond; Aa are the apertures of theſe tubes, which 
in OO, Fg. 21, ſeem almoſt cloſed, becauſe the 
Aal. Sul willingly hinder the entrance of the 
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ſalt. CS HE, EZ; repreſens the places where 
the different portions of which the PR Aa, CE 
15 compoſed, Are united together. . 

Fig. 23. is the part Aa, CC, of fp: 22, which 
we mult” ſuppoſed to have been detatched by the 
ſalt, N at CC, Bb 18 the PRE: which reſted 
__ CC. 

Fig. 24. is arkzor-fiſh laid upon the ſand; wt 
we ſee how i it prepares itſelf to begin its pragrtfive 
motion. P is the extremity of the leg; which 
comes out of its ſhell, and is then flatted. In the 
ſame figure MMmm ſhew the membrane, which 
on one ſide is faſtened to the edges of the 2 pieces 
of the ſhell; towards L. N there is another mem - 
brane, which joins together the two other edges 
of the ſame pieces, but this membrane could not 
be ſhewn here, it appears in fg. 28. 

Fig. 2.5. ſhews alſo a razor-fiſh laid upon t the 
ſand, but on another ſide than that of fg. 24. at 
L is the ſpring like that of the ſhells * oyſters, 
and muſcles, which faſtens the 2 pieces of the razor 
fiſh together; from this ſpring to the other extremity 
NN of the ſhell, there is a membrane LNN made 
in form of an iſoſceles triangle; at R is the leg of 
the rezorefiſh, already plunged: in the ſand, and 
hooked, - - . 

Fig. 26. repreſents a razor-fiſ, which i is ready 
to make one ſtep to plunge itſelf into the ſand, 
CCCC mark the ſhell; from the lower aperture of. 
this ſhell proceeds the leg IR P, of which the part 
IR is cylindrical, at the end of this cylinder is the 
part of 475 may be called the button of the leg, 
at 00 are the ſame 2 tubes, but more contracheds 
which appear at Aa, Fig. 22 

Fig. 27. is a razor: fiſh of which the i inner parts 
are ſhewn, for it has been o 1 after having 


cut the membrane MMmm of fig 24. in two, this 
very 
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very membrane is here wrinkled as may be ſeen in 
MmMm. z-and its ſpring: alſo endeavours to fold 
it. L is the place where 1 7 EP is ſuſpended, 
which here has a very different form from that un- 
der which it appears in fg. 24, 28, & 26. It is com- 
poſed of eirtular and longitudinal fibres, which 
ſerve to lengthen and contract it, to thicken aud 
flatten it, according to the eccafions of the fiſh 
at EEII appears the membrane or — 
which form the tubes AFC, aHc of Fig. 2 
here they are folded, which . Probably their oy | 
tural ſtate. - 

Fig. 28. is that of one of: the ſhetl Aſhes called 
in French Dails, taken out of its hole. AGP is 
one of the two pices of it s ſhell, at ED is the e- 
laſtic ligament, which faſtens the two great pieces 
together; D; is a third piece of the ſhell much 
ſmaller than the two others: At AICF is cr 
fleſhy tubular part, which the animal prolongs 
contracts in different circumſtances ; tho? it n 
to be but one ſingle tube, it is in ſome ſort com- 
poſed of two different tubes z a membrane, of 


which the extremity appears in C, like a fort of 


partition, divides the tube from one end to the other 


into 2 equal parts; the bending AGP is called the 


baſe of the ſhell, the animal however never reſfs 
upon this part of the ſhell; and it is called the 
baſe only becauſe it is oppoſite to the elaſtic lign- 
ment ED, and becauſe in another memoir, to ex- 


Preſs ourſelves in a convenient manner, we have 


given the name of the baſe of the ſhell, to the 1 
oppoſite to this ligament. 

In fie. 29. is repreſented a bi of ſtone or banehe, 
inhabited by the dails; this bit often conſiſts of 
ſtone from QQQ to In. and the reſt of ooze ; 


OO, Cc. are the apertures by which the dazls ſend 
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out he fleſhy. tube Which they make uſe of to 
refpire the water, at ITK there are ſame of theſe 


flethy tubes out of their, hole. The dail, of which v 


ſee the end of the tube K, appears placed in its hole 
as. it is there naturally, half the ſides of ĩhis hole 
is carried away, the part AALLHH EE is t 
partoppoite to the part F EDB of Fig 8; LLHH 
is a membrane, which joins s together he tb great 
pieces of the ſhell; S is a fleſhy part, with which 
ir hollows the ooze, ZX is a hole of-a younger 
dail than. the dail KAAPP. V is the hole: of an- 
other dail, of which we ſee but a part. 


Fig. 30. ABCDC is a bit of ooze” placed ho- 


rizontally as i it was inthe bottom of the E. CD E, 
FEGH, c. are different horizontal — into 
which the bit of ooze divides in drying. 
Fig. 31. repreſents the ſame bit of 00Ze AB 
fo. 3. but placed in ſuch a manner, that the ſur- 


faces are vertical, which at the bottom of the ſea 


were horizontal; the different lamine alſo, into 

which i it divides, are in a vertical plane. | 
Fig. 32. repreſents one of thoſe ſea-ſtars, which 

we have called ars with rays like lizards tails, 


ſeen on the upper part. PTT RR are the rays of 


this ſtar. ABDCE is the maſs of its body, .or if 
I may ſo ſpeak, of its back. The letters MM ſhew 
ſome of thoſe extremely narrow membranes, which 
the ſtar agitates in the water, and are Nen when 
it is out. 

Fig. 33. is the ſame ſtar reverſed, its rays or 
legs, and its body are marked by the ſame letters 
with the preceding, figure, that it may be keen 
underneath at S is its mouth or ſucker. 
Fig. 34. repreſents the skeleton of a ſea . archia 
or ſea hedge-hog ſeen. above; O is its ſuperior a- 


perture. The TTT mark the five great tri- 


angles, filled with the eminenees, with which its 
Vor. IV. * 8 39. B b ſur face 
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ſurface is adorned, Thettttt mark the fiye 
ſmall triangles; and the 10 B's mark the perforated 
liſts, which ſeparate theſe. triangles one from an- 
other. At mM one of theſe eminences, or apa: 
pbhyſes which are upon the skeleton is repreſente 
larger than nature. 

Fig. 35. is the ſame skeleton of the ſea-urchin 
ſeen underneath; the aperture H is its mouth, at 


Dp appear two ſorts of boney rings, out of each 


s a tooth of the animal, and each of 


ring pr 


its teeth! is alſo incloſed 1 in a boney ſheath. 


In Fig. 36. is a piece of the upper ſurface of the 
ſea-urchin, repreſented. larger. than nature, that 
the diſpoſition of the liſts of holes may appear bet- 


ter, and that the order of the holes, with which 


they are filled, may be perceived more diſtin&ly. 


BB are two of theſe liſts, which are at the ſides of 
a ſmall triangle t; each liſt B is formed of two 


different rows of holes, ſome RR are com poſed of 
four holes, and the others 8 have but two. TI . 


| the great triangle, which follows the liſt. 


Eig. 37. is allo a skeleton, but a part of it has 
heed taken off, to ſhew the inſide; we may. qb- 
ſerve in it the ſame diſtribution of the great and 


ſmall triangles, and of the perforated Jiſts ; we 


have alſo marked theſe parts with the ſame let- 
ters as in the. preceding figures; but there does not 


appear upon this inner ſurface any of the [ant 


lities which are upon fig. 344.35: _ 
Fig. 38. repreſents a ſea-urchin in motion,” the 
letters EE, c. mark the ſpines with which it draws 


tſelf towards EE, c. and KKK ſome of the ſpines 
with which it puſhes itſelf towards the ſame. fide, 

the letters eeee are much ſmaller ſpines; CCC <& . 
are the horns with which. it Tk the bodies that 


preſent themſelves in itsqvay. It may be obſer- 
ved that the ſurlace of this lea. urchin is in ſome 
meaſure 


* „ _ 
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meaſure divided into different riangles, like its 


2 


skeleton. . e „10 L Ei 5 tok 

Fig. 39. ſnews a 2 at reſt 3 it is rever- 
PH its mouth appears at BB, furniſhed with five 
teeth; at CCCCC' there are ſeveral of its horns 


ſtuck againſt the ſtone PP; I i: a horn W 
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III. On the detlination of the 220 maul 
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by Mr. Chambers einein e 
M. Dale has communicated ſeveral tem 
on the variation of the needle, which had been ſent 
him by intelligent perſons, from different 1 10 
the kingdom, the refult whereof is: 


iſt. That the variation is continually. greater 


to the eaſtward of Paris, and nne to the welt- ; 
ward. | 


Mo: That fron” St. Malo to Gentva; which 
be taken for the two extremities of France, 
in fleſpect of longitude the difference of variation 
is only 1 4. 5 
zdly. That the variation which is now ad 
and increaſes every year, has increaſed at Geneva 


much after the ſame rate as at Paris. From the 


year 1703 to the year 1711, that is about 15/ 


every year, and even that an irregularity obſerved 


at Paris in 17 o, when the variation only in- 


creaſed 5/, was alſo found at Gentva-. 


4thly. That from 1706 to 1411, the 1 


has increaſed at ſeveral cities in France, much at- 


ter the ſame manner as at Pari. 


To ſee ſo many appearances of reghlardty ſo ſo 
well maintained, 'tis hardly poſfible to reſiſt the 


expectation of a theory to an tho*the example 


of ſeveral crude attempts, which have already been 
made, muſt induce us to have patience 'till a-ſuf- 
Bb2 37101 (715005 AR 
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2 number of obſervations have been made 3 
M. Deliſie has given a little hiſtory of what has | 

paſſed among the learned on this occaſion; we ſhall 
here only give a ſhort abridgment thereof, and 
the rather as a great part of what can be aid on 
this head, is already found in the notes of Father 
Gouye, printed i in the memoirs for the year 1692. 
It may ſuffice for our preſent purpoſe, to relate 
what additions M. Deliſis has made bbereto, whether 
they be hiſtorical or philoſophical. oh 

The attractive faculty of the Joad-ſtone. was 
known by the ancients, but that other- power 
whereby it points towards the pole was not known 
till many ages after, the earlieſt author who ſpeaks 
of it being a French poet of the thirteen century, 
and its variation came 300 years after; the firſt 
who publiſn'd this was Cabotto, a Venetian. navi- 
gator in 1549, tho* M. Deliſie has a manuſeript of 
a pilot at Dieppe, called Crignon, which he dedi+ 
cated. to the admiral Chabot in 1534, wherein 
mention is made of the variation of the needle; 
this novelty turned all the philoſophers againſt it, 
as it broke in upon their ſyſtems, in effect they 
obſtinately denied it; but it growing at length 
Inconteltable, they were forced to yield. 

Hereupon it was obſerved however, that under 
the meridians of the Azores there was no variation; 
this made them conclude, that they had found 2 
natural principle, for fixing the firſt meridian 
there, which hitherto had only been done arbi- 
trarily, and conſequently not to the liking of every 
body; by the direction they found the Joad-ſtone 
at poles, and by. its. variation that theſe were dif- 


hens from thoſe of the earth, they therefore 


placed them where they pleaſed, with intire li- 
wad which was the fruitof a want of obſervations, 
They 
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But they came at length to the knowledge of 
two new meridians, void of variation, one paſſing 
through a cape ſituate near the cape of Coad- Hope, 
and for that reaſon called the cape of Nezdles z and 
the other thro” Canton in China; accordingly they 
determined the angles of inter ſection of theſe ſup · 
poſedly fixed meridians, the preſumption being 
ſtill on the fide of immobility, and filled up their 
intervals with other meridians, under which there 
was a variation, and even ranging them propor- 
tionably on the ſuppoſition that every thing pro- 
ceeded according to the moſt natural order, but all 
this was direct precipitation. 212 1 
Soon after it was diſcovered, and principally 
by M. Gaſſendi, that the variation of the needle 
had another variation; that it was changing from 
time to time in the ſame place, and this continu» 
ally. A diſcovery which overturned all they had 
built. By this inſtance as well as by infinite others, 
it appears how ſlow our progreſs is, that there is 
always a conſiderable diſtance between one diſ- 
covery and another, and yet that theſe diſtances 
grow continually ſmaller and ſmaller the nearer 
we deſcend to the preſent time. 12 
Of the ruins of ſo many ſyſtems, nothing now 
remains but that propoſed by Dr, Halley, who has 
drawn a line round the globe of the earth; which 
is exempt from variation; this line is neither a 
meridian, nor a circle, but a very irregular curve. 
The variation of the declination in each place re- 
quire this line to be movable; and we already 
find by ſufficient experience, that it is ſo. Tis 
probable likewiſe that it changes its figure, by 
reaſon the variations of the declination in one place 
are not always proportionable to thoſe of another; 
this line, as drawn by Dr. Hallo, paſſes on the 
"ob one 


one fide thro the dach, and tha Bereta 
iſlands ; and on the other, through China” about 
100 leagues to the caſt of Canton. 
M. Deliſe from ſome obſervations made by a 
French ſhip. which went through the South. ſea to 
Cbina, and was the firſt ſhip of that nation which 
ſteered that courſe, has found another line of no va- 
riation which traverſes the South-ſea from north to 
ſouth, much like a meridian; this makes a conſi- 
derable. addition to the ſyſtem, as well as the chart 
of Dr. Halley, where the South-ſea was Intirely 
Wanting. / Bree 
There is one mah difference between 
the 2 lines or portions of lines drawn by Dr. Halley 
and M. Deliſie, when compared rogether, for to 
the eaſtward of the line of no variation which 
aſſes thro? the Bermudas iſlands, the declination 
is north · weſt, and weſtward of the fame line north · 
eaſt, the contrary whereof obtains in the line 
which paſſes thro* China; whereas in the other line, 
traverſing the South. ſea, the declination is north- 
eaſt: on both ſides 3 this difference gives each of 
them its ſeveral character, which, if it be invariable, 
will dure help to die ther wy 
they g 
MM. ell 72 has taken a deal of pains to \ diſco- 
ver ſome traces of the motion which theſe three 
lines muſt have had to arrive at their preſent poſi- 
tion; and is convinced that the line which 
paſſes thro?.the Bermudas iſlands is the ſame with 
that. which about the-year 1600. paſſed, through 
the cape des Aiguilles, on which ſuppoſition it 
muſt have moved from eaſt to weſt, .chough 1 not 
parallelly to itſelf; for in the year 1600 It, Was 
almoſt a meridian which paſſed through the cape 


des a Aiguilich, the Morea, and the North:Cal apts 
7 © but 
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bat foi har ine 20 ths, i has oved "1408 
leagues by its northern. end, and onfy 500 by its 
fouthern one; ſo that its preſent fituarjon is north- 
weſt, and ſouth-eaſt; eins much inlined to ins 
antient poſition, its northern end paſſed thro? 
Vienna in 1638, thro Paris in 1666, and thro! 
London in 1667, which places were all according! 
ly free from variation in thoſe years. M. Deli 
is likewiſe of opinion, that the line which'is now 
100 leagues eaſtward of Canton, is the ſamę which 
in 1600 paſſed through that city; whence it fol- 
lows, that it has travelled from weſt to eaſt, contrary 
to the other, and at a much ſlower rate. If theſe 
2 lines continue their courſe, they will at length 
meet one another, the conſequence whereof it is 
not ealy ro ran © © ne 
As we have no antient obſervations of the South. 
ſea, it would be preſumptuous to advance any 
thing as certain, relating to the line which paſſes 
through it, only it might perhaps be ſuſpected to 
be the ſame which formerly paſſed through the 
Axores, and which has moved from eaſt to weſt. 
Tube difference of the declination in different 
places M. Deliſle obſerves, is by no means 
proportionable to the diſtances of thoſe places from 
their line of no variation, that is, to a degree of dif- 
ference in the declination of the needle, corre- 
ſpond very different diſtances on the ſurface of the 
earth. In Dr. Halley's chart, the greateſt of thoſe 
diſtances is 130 leagues, and the ſmalleſt 15 ; but 
| then he has only extended bis chart to the Gorh 
degree of northern Jatitude, and NM. + Delifle 
Who has obſervations made 20% more nor- 
therly, finding that there are ſome degrees of 
difference in declination which only afford 8 
leagues diſtance; and hitherto it appears, that a3 
1 the 
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the dlimate:is the more northern, the ſmaller di 


ſtance correſponds to a degree. 
Nor does the e var equally in equal 


times at the fame place. At: Qucbeck M. Caſſini 


found, that it had only vary'd 4 a degree in- 37 
years, whereas by other obſervations in M. Delifie's 
bands it has varied a whole degree in 11 years. 
But notwithſtanding all this, we perceivea fort 
of progreſſion, and ſome appearance of regularity 
which is enough to prevent a philoſopher from 


being diſcouraged at the ſight of ſo many ooh: 


ing anomalies. | . ba 
IV. Of a cavern WES 7s exceedingly cold i in 
Summer. 1 


It would be no great furprize to moſt people, 


if you ſhould tell them, that in a ſubterraneous 


place, a cave for example, it is warm in winter, 
and cold in ſummer, which they have met with 
8 hundred times. It is a paradox however to phi- 
loſophers, who lenow this experiment to be falla- 
cious, and that in reality it is hotter in a cave in 
ſummer, than in winter; but that the difference 


| between the heat and cold is not near ſo great as in 


the exterior air; and that this inequality of diffe- 
rence makes the cave appear warm in winter, 
when one goes into it from a colder air, or cold 
in ſummer, when one goes into it from a warmer 
air. Therefore none but philoſophers can be ſur- 
priſed at a cavern of Franche Comte, where 3 it is 
really very cold in ſummer. 

This cavern is 5 leagues to the eaſt of Delanyen, 
in that part of the province commonly called 
Montagne, and in a wood near the village of 


es It it at the foot of a rock 75 feet high; 
| it 


it is 90 1088 * 1494 in n len th from the entrance 
to the op ei deep, 1 "and 12: in Bteadt tb. It was 
in Sept. 17 11, that M. Billereg, profe | 
my and botany in che univerflty of 5 Get 
who ſent this aceoumt to the academy, went dow 
to examine it. He found, that the bottom 
the den, which is flat; was ſtill covere' with 115 
which was beginning to melt; and he YS, three 
pyramids of ice 15 or 20 feet high, and 5 Or 6 
broad,” Which were' now alfo much dim inithed, 
There began to come our of the top of the en; 
trance a fog, which proceeds from it all the win- 
ter, and accompanies the thawing of this repoſi- 
tory of ice. But the cold was ſtil] ſo great, that 
unleſs they walked and agitated'themſe)ves, there 
was no ſtaying 2 an hour without ſhivering, and a 
thermometer, which out of the cavern was at 60 
degrees, fell at 10; that is, to 10 degrees below 
a very great cold. The ice of this grotto is 
harder than that of the rivers, is mixed with 
fewer bubbles of air, and melts with more diff 
culty. It is the more in quantity, a8 the ſummer 
is hotter. 

M. Billerez has 3 the cauſe off this phent- 
menon, by obſerving that the lands in the neigh- 
bour hood, and eſpecially thoſe above the vault, 
are full of a nitrous ſalt, or natural fal 'armoniac. 
Theſe ſalts being put in motion by the heat of 
the ſummer, mix more eaſily with the waters, 
which flowing through the earth, and through 
the clefts of the rock, penetrate quite into the 
grotto, This mixture freezes them exactly in 
the ſame manner as the artificial ice is made, ad 
the cavern is in great, what the veſſel in this ope- 
ration is in little. Some coagulations, or ſtony 
incruſtations, which are found, eſpecially oppoſite 
to the opening expoſed to the north, by which 
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more nitrous particles of air might enter, eon · 
firm this ſyſtem ſtil] more. It is ſaid, that there 
are rivers in n, which Barer, in ſummer for 
the ſame: reaſon, 
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in a valley at the bottom of a hill, there is a pub- 
lick ſpring, which makes the teeth drop out, with- 
out any defluxton, pain, or bleeding. This effect 
cannot be aſcribed to any thing elſe, for the air is 
very good and temperate, and the inhabitants are 


more robuſt and healthy than elſewhere ; only a- 
bove half of them have loſt their teeth. At firſt 


they ſhake in the mouth for ſeveral months like the 
clapper of a bell, and afterwards they fall out very 


naturally. The water accuſed of this diſorder is've- 


ry briſk, it is very cold when drank at the well 
head, it is found to be hard. when uſed in the 
kitchen, and it is ſaid to gripe thoſe who are not 
uſed to it. M. Aubry, the curate of the place, who 


ſent a barrel of this water to M. Couplet, with an 


ample account of all that relates to it, ſays, he had 
been adviſed not to make uſe of it till after boil- 
ing, which would cauſe the ill quality of it to 
evaporate. He takes it to be a mineral, and con 
jectures, that it even contains ſome mercury. 
M. Lemery having examined it every n 
ſubjected 1t to all the chymical trials, has not been 
able to diſcover any thing particular 1 in it, Only 
in evaporating a gallon of it over a gentle fire, 
there remained 12 grains of an acrid, fixed, al- 
kaline ſalt, which ſeems to be very little for ſuch 
2 quantity of water. He found no indication of 


mercury. Beſides, he has given water, in which 
quick- 
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quickſilver had been infuſed or boiled, to chil- 
dren for the worms; but he never found that it 
looſened the the teeth. The ill quality therefore 

of the water of Senliſſes is too fine and ſubtile, to 
make a ſenſible diſcovery of itſelf to us. 
It has been more eaſy for M. Lemery to find a 
like example. He has recollected, that Vitru- 
vius ſpeaks of a ſpring at Suſa in Perſia, the wa- 
ter of which makes the teeth of thoſe who drink 
it drop out; and it is remarkable, that he has 
ſeen at Paris a Per ſian born in that very city of 
Suſa, who could take 7 or 8 teeth out of his mouth 
with his hand, and put them in again with the 
ſame eaſe. He had the ſcurvy indeed; and per- 
| haps the ſpring of Senliſſes would give that diſeaſe, 

if the goodneſs of the air, and other favourable 
circumſtances did not hinder. „ 


* 
FLY , 


VI. Of the rifing of the ſea in the fireights of 


Dover, when the tide ebbs. 


F. Gonye ſays, that a failor had obſerved with 
the plummet in the Pas de C alais, or ſtreights of 


Dover, that the ſea roſe at the time of the reflux. . 


The reaſon of a phenomenon, which appears ſo odd, 
is that the waters, which retire from the coaſts of 
England, meeting with thoſe which retire at the 
ſame time from the coaſts of France, ſwell 


againſt each other, and raiſe the middle of the 


| ſtr eight. 
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The experiment of the cat immerged i in water, 
had led M. Mery to a new explanation of the mo- 
tions of the iris of the eye; the ſame experiment 
had taught him that the retina is as tranſparent "is 


the Häme of the eye themſelves; 3 and thence | 


he had concluded, that it was not made to receive 
the picture of the objects, and that the choroides 
which is opake and placed behind it, '1s fitter for 
this öffice: But he had only hinted this thought, 
and did not pretend to go to the bottom of a queſ- 
tion, which had before been handled with great 
ſabtilty in 1668, between Meſſ. Mariotte, Pecguet, 
and Perraut. M. Mariotte, having made a cu- 
riousdiſcovery of a place in the bottom of the ere, 
where viſion failed, maintained thar the choroides is 
the principal organ of it. His obſervation is known 
to all, who have the leaſt tincture of natural yur 
loſophy. 

M. de la Hire having given another explanation 
of the experiment of the cat, than what M. Mery 
had given, occaſionally took the part of the ret ina 
apainſt M. Mery, who ſubſtituted the cberbides in 
its room. 

M. Mery anſwered in the firſt place to what re- 
lated to the motions of the iris, the firſt fubject 
of the whole diſpute, and afterwards he came to the 
queſtion of the retina and chorordes. 

Tho? M. Mariotte, who was the firſt that main- 

tained the rights of the choroides, has very well 
ſupported them, and ſeems even to have remained 
in poſſeſſion of the field of battle, having anſwered 


every thing, and v written laſt, it muſt be confeſſed 
that 
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that the retina has remained in poſſeſſion of being 
the principal organ of ſight; as this does not effect 
the general ſyſtem of viſion, perhaps thoſe Who 
doubt upon this queſtion, or thoſe who are per- 
ſuaded in favour of the cheroides, do not confider 
how difficult it is to change the old and common 
ſtyle, by which the retina is eſtabliſhed. How- 
ever, as exactneſs cannot be abſolutely indifferent 
with regard to truth, we ſhall here relate what is 
molt important and new in this diſpute, for we 
ſhallavoid repeating what was faid in M. Mariotte's 
time, of which the publick may eaſily be informed. 

The principal organ of ſight is that whereon 
the image of the objects is painted, that is, which 
receives the vertices of different cones of rays, ſent 
from different luminous or enlightened points, this 
organ muſt alſo be ſenſible. Figs 

The retina is a membrane formed by the expan- 
fion of the optic nerve, which is opened into ſmall 
ſlender filaments, white like the nerve ; behind the 
retina is the choroides, which involves, it, being 
another membrane, which is a continuation and 
extenſion of the pia mater; it is black in men, 
birds, and ſome other animals, but in ſeveral pe- 
cies it has colours, and thoſe very lively: it will 
not be amiſs to obſerve that the ret ina and the cho- 
roides are alſo involved by the opake cornea, which 
is a continuation of the dh mater. 

It has appeared to the philoſophers, that the 
retina had all the characters of the principal or- 
gan of ſight. It is placed in the focus of the refrac- 
tions of the humours of the eye, and conſequently 
receives the vertices of the cones of the rays ; it ĩs 
very fine, and conſequently very ſenſible, or rather 
ſenſible to very fine impreſſions, ſuch as thoſe of 
the rays; it draws its origin from a nerve, and is 

| 1 it- 
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itſelf quite nervous, and they are perſuaded that 

the nerves are the vehicle of all the ſenſations, 
laſtly, it communicates with the ſubſtance of the 
brain, where all ſenſations ſeem to terminate; as 
for the choroides, they have either been in no great 
doubt about its uſe, or thought that it ſtopped the 
rays, which the great fineneſs of the retina would 
ſuffer to paſs, and that 1t did with regard to the 
retina, What. tin does with regard to a looking- 
glaſs, eſpecially in thoſe animals where it is black, 


becauſe black abſorbs the light, and all that could 


thro* the retina would only trouble the Vikas 


if it was not deadned. | 
The experiment of the cat immerged in water, 


has cauſed. M. Mery to have different notions: he 


ſaw that the retina abſolutely diſappeared, as well 


as all the humours of the eye, but that the chorozdes 
appeared very diſtinctly, and even with the lively 
colours, which it has in that animal; thence he 


judged the retina to be as tranſparent as the hu- 
mours, and the choroides on the contrary to be o: 
pake, and conſequently that the retina was not fit 


to terminate the cones of the rays, or to receive the 


images of the objects; that the light ought to go 
through it, and could not ſtop but on the choroides 
which then became the principal organ of viſion. 
The black colour of the choroides in man ĩs alſo very 
favourable to this opinion; it not only agrees with 
the principal organ of viſion, that the action of 
light ſhould be terminated when it arrives there, 


and it is certain that this action is terminated in 
black, which abſorbs the rays, and does not᷑ reflect 


them, but it alſo agrees with this organ, that the 
action of light ſhould be ſtronger there than any 
where elſe; and it is certain alſo, that as light is 


engaged in a black body, and does not come out of 
it, 
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it, it cauſes a greater vibration therein. Thence 


it comes that black bodies are more eaſily ſet on 


fire by the burning glaſs than white ones, every 
thing elſe being equal. The tranſparence of the 
retina, and the opacity of the choroides were not 
ſo certainly known in the time of M. Mariotie. 
He judged rightly. that the poſition of the 
choroides behind the retina made for his opinion, 
but he did not draw ſo great an advantage from 
it as M. Mery did, who has obſerved in the other 
ſenſes the ſame poſition of the principal organ be- 
hind a mean organ, which gives a happy and con- 
cluſive analogy. The cuticle, which is extended 
over the whole ſkin is the mean organ of feeling, 
of which the ſkin is the principal organ. It is 
the ſame thing with regard to the ſmell and taſte, 
which, with regard to the diſpoſition of the or- 
gans, are nothing but feeling. The membrane 
zympani is a membrane extended before the ym- 
panum or drum of the ear, and cloſes it; and by 
its means the agitations of the air are tranſmitted 
to the lamina ſpiralis, the principal organ of 
hearing, incloſed in the labyrinth, beyond the 
tympanum. It is true, the membrana tympani is 
not immediately applied to the lamina ſpiralis, 
but it is placed before it, which is ſufficient for 
the analogy. The retina therefore will be alſo 
no more than a mean organ, which will probably 
ſerve to hinder too great an impreſſion of the light 
on the chorozdes, or to preſerve it, which is the 


ſole uſe aſcribed to * cuticle, with eure to the 


ſkin. 


Bur, according to M. Mery, chere! is more than 
all that. The retina is inſenſible, becauſe it de- 


rives its origin from the medullary ſubſtance of 
the brain, which is inſenſible alſo; and the cho- 
roides, 
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aides; on the contraxy, i is. very ſenſible, becauſe 
is, ariſes, from. the pia mater, which. 18. Certain Y 


very ſenſihle. NT 
This proof, which me. queſtioned, - engaged 
M. Mery in a more particular examination of the 
ſtructure of the organs of fight. He not only 
ſhewed - ibn dey by diſſection, that the retina 
and the choroides had the. origins. which he had 
pointed Out, but added alſo an important diſco- 
very concerning the optic nerve. This nerve is 
not compoſed of filaments, as has been thought, 
= as the other nerves are; it is only a marrow 
incloſed in a canal, which may be eaſily made to 
come out. So long as the nerve is within the 
ſkull, the canal is formed only of the pia mater, 
and the marrow 1s contained in it in a lump : but 
the ſame nerve, when it enters the orbit of the 
eye, takes a fecond covering, which comes to, it 
from the dura mater, and. is the cornea ; it is a 
new canal, which covers the firlt externally, and 
there the marrow is incloſed in an infinite number 
of little cells, which communicate with each other. 


It is alſo with more difficulty ſqueezed out of this 


ſecond part of the optic nerve, than out of the 
firſt. The cells of the marrow have alſo a rel 
tion to the cavernous bodies. | 

The ſtructure of the optic nerve, unknown ll 
now, does not permit the retina any longer to be 
a membrane; it is no more than a dilatation of 
the marrow, wrapped up with two membranes, 
and marrow is not a pruper ſubſtance to be the. 
ſeat of a ſenſation. We hardly conceive that it 
can ſerve for any other purpoſe, than to filtrate or 
carry the neceſſary ſpirits z but the vibration of. 


the ſenſe itſelf muſt be made upon a part more 


ſuſceptible of a ſtrong impreſſion, more ſolid, and 
I mare 
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more firth 3 /afnd it tas always Been thoüght, that 

none but nel Bus filatnents could receive this vi- 

bration, Elpetially as they have always been al- 
lowed alfb to wartete it to the brain, tlie 
centre of the WHöle. 

s If the new Waite er we optic: teri oBligls 

us to remove t the thiroides the office aſcribed to 


the retina; it will great ly ly diforder all the common 


ideas, either viſion mn abſolutely terminate ih 

the choroides, withdtit going 
it does go farther, it Tpreads itſelf through the 
whole pi mater. It mutt be tonfeſſed, that theſe 
conſequences have their inconveniences z but it Is 
true alſo, that whatſoever ſyſtem we take, if we 
purſue the ſenſations to the end, and till they 
reach the ſoul, we loſe ourſelves, and fall into 
the immenſe 0 1405, which is between the body 


and the ſoul, 
VIII. Or the expe eriment of the eyes of the « cat 


ä immerged i in water. 


— 0 


We ſaw in the precedin article, the princi 
art of the i Hema M. de la 25 10 
. Mery, on the cat immerged in water. It has 
been another queſtion between them, why the 
bottom of the ch s eyes appeared ſtrongly illumi- 
nated in the water, ed abſolutely diſappeared in 
the air. M. Mery pretended, that when the ani» 
mal was under the water, there entered more light 
into its eyes, becauſe its cornea was more flatted, 
and in ſome meaſure wrinkled by the moiſture. 
But M. de la Hire has given a pretty na- 
tural reaſon for _ taken from the PO of 
opticks. 


Vox. IV, Ne. 40. D d The 
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The cornea being! in the air does the office of a 
mirrour, "becauſe it is ſmooth; and of a convex 
mirrour, becauſe of its figure. | Tr has its facus 
therefore beyond itſelf, which is alſo very vivid, 
and it reflects their own image to thoſe who view 
it, which by. its vivacity hinders them from ſee- 
ing any., other, object beyond the cornea. © But 
when the ſame organ is in the water, the little | 
difference, that there is between its denſity, and 
that of the water, makes them be phyſically homo- 
geneous; it is therefore no longer a convex mir- 
rour, and it is only inſtead of a plain ſurface of 
water, and we. ſce thro? it all that we ſhould have 


[i 4 


= thro? the water, 135 Tk . 


IX. 0 the ref bee 0 ens parts of er . 
. lohſters, &. 


* ho? the te of the cit uite Kune 
the egg renders the generation e it intelſig ble 
yet it does not ceaſe to be very marvellous. S Bi 
that in, the room of an organical part which has 
been cut off, there ſhould grow another quite like 
it is a ſecond wonder, of a different order from 
the firſt, and out of the ſyſtem of the eggs. And 
indeed the philoſophers have refuſed to believe ſo 
ſurpriſing a fact upon the credit of the vulgar, 
and they muſt be allowed to be excuſable, if the 
ſtudy of nature ought to give them any confi: 
dence in their knowledge. 5 
It is of the cray-fiſhes, crabs, and lobſters, that 
ahe fiſhermen have ſaid, that when they have loſt 

any leg or claw, there came another in the room 
ot it; and M, de Reaumur has had the curioſity, 


the {kill, and the patience to verify it; and this 
27157 Wk 
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is the reſult of the obſe 1 vations "which he. has made 


chiefly on the cray-fiſhes. | 
Theſe animals have' 2 regt b before, termi. —_— 
nated by 2 pinchers, Fach o 0 has 5 arti- : ; 


culations, or joints; and x [ove oy N. de | f 
Reaumur, that they are reckoned from the extre⸗ | 
mity of the leg, where the pinchers are. When the 
legs of the cray-fiſhes are broken, by. any 177 5 3 | 
in walking, which is pretty common, are 
always broken at A ſuture, which 1 is near 175 Ath 
articulation, and in time there i is renewed exactly 
what they have loſt ; that is, a, part of the leg 
which has 4 articulations; the fiſt of Which has 
the 2 pinchers, ſo that the loſs is entirely repaired.” 

If the great leg of a lobſter is broken deſignedly * 
at the 4th or gth articulation, the part taken off 
is always reſtored, but not if the amputation was 
made at the 1ſt, 2d, or 3d, articulation, . The 
reproduction is then very rare, if things remained 

in this ſtate; but What is very ſurpriſing, they do 
not remain ſo. If at the end of ſome days we ex- 
amine the cray-fiſhes, which have the legs broken 
at theſe unfortunate and barren articulations, we 
find they have them all broken at the 4th articu- ' 

lation; and we may ſuſpect them to have per- 
formed this operation themſelves, being ſure per- 
haps of having a new leg. The reproduction 1 is 
beſt performed at this 4th. articulation. | 

The reproduced part is not only quite like, but 
equal at the end of a certain time to that which 
was amputated. Hence it comes, that we ſee 
many cray-fiſhes which have their 2 great legs un- 
equal in various proportions. "This | ews the age 
of the ſmalleſt. 

If a reproduced part is webu, there is 
new reproduction formed. op 
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The ſummer, Which is the only the 
year, when the EY eat, is Pp Se f 
able ſeaſon for the r ä It is t 275 

formed in 4 or 55 wee Wh ereas 1 it would ot | 
ly be pecionmes, Gy & er 9 month Fay! b 7 
"of. or N 1 
The ſmall legs grow: again like the great oi obe, 
but more rarely and more ſlowly... e 2787; 3By 
The horns. grow again allo, - 5 505 
If we add. to this all that has 5 kid Xs he 
cray-fiſhes in 1709*, we ſhall find that they, 1 . 
niſh ſeveral rare phenomena. It appears in gene 
ral, that the moſt wonderful of all animals, with 
regard to mechaniſe, are en which e us, 


= leaſt. 


4. explanation of the Jgares. is OW. 1 


4 


Tho- the cray- Giſh is an. animal pretty. well 
known, yet we have thought fit to engrave it, in 
order to ſhew the poſition of its different parts. 

Plate V. Fig. 1. repreſents a. cray-fiſh lying 
on its back, that the PORuIen. of its legs mays he” 
ſeen. 

Pp , 2, 3, 4, 5, are its great claws, Pp 
are the two pinchers: the little pincher p is arti- 
culated in p. At 1, is the firſt articulation of the 
leg; at 2, the ſecond; at 3, the third; at 4, the 
fourth; at 5,. the fifth, or the place where it en- 
ters into the body of the animal. - 

Fig. 2. is a part of a cray-fiſh repreſented | 
larger than that of the preceding figure, for the 
better diſtinguiſhing of the articulations and ſy- 
tures of the legs. The ſame letters of the preced- 

ing figure mark the ſame parts. Pp the, two 6 


Vol. III. p. 244. of this abrigment. 


pin 


ſtinguiſhed t 


was neceſſary.” 90 Fang 

in the cray-fiſh th 55 A res 
that part as 0 in called 

the cray- fin: bcde are tl age 


75 5 TA d 5 
of 5 'of ; "LY at t 118 5 NT 


Fach of theſe 580 ures is what Wet to dn 


from the fifth j eint, E marks in all theſe figures 
the place — this fifth joint was, 


Fig. 3. A ſhews the = of the * juſt as it 
appears immediately after being broken, or a day 


or two afterwards. 

Fig. 4. B marks the end of the leg, when the 
membrane which covers it again, has taken a fi- 
gure a little convex. 


Fig. 5. C ſhews the little fleſhy cones which 


come out of the end of this leg. 

Fig. 2. D is the ſame cone confidered ſome 
days later; it 1s more long. 
Fig. 6. E is the little fleſhy cone, which begins 
to bend. 

Fig 7. FG H is the ſame part of the leg ready 
to grow. It is then bent at G; its poſition is like 


that of one of the legs of the cray-fiſh laid upon 
the back fg. 1. tho' the leg in this figure is ſtill. 


wrapped up in a membrane, yet the articulations 


are diſtinguiſhed thro? it. They may be ſeen throꝰ 
the tranſparence of the membrane. If we look at 
the end H againſt a ſtrong light, we ſhall per- 
ceive the 1 of che 2 pinchers as It Is repre - 


ſented in fg. 8 


* 
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"Fig. g. 1b. repreſents a cra y-fiſh i in the fit 


which it often is when it Wks; ;: TALE ry og 


great table of ſhell which raifes itſelf firſt, when 


the cray-fiſh begins to mew ; ttt, &c. are the 
little 65455 which hold together by different n mem- 


branes; they are joined together in the ſame man- 


ner when the craw-fiſh has mewed. 


Fig. 11. is the part of the ſtomach of the cray- . 


fiſh, where the three teeth are, and the cartilages 
which ſuſtain them, The teeth of the middleB is 


of a different figure from that of the teeth DD. 
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| ACADEMY of SCIENCES at Paris, for 

the Year den oft PF 4.215 e 
$11 11 

1. Obfervations on the! rain, 8095 upon the 

theemometer .and barometer 'at- the royal 

_ obſer vatory. during the Jan . 11, * M. 

de la Hire“. | | 


\HE quantity of rain-water, and melted. 


: was 1n 


„ r Lin 
Jan. s- +: July 1 
Feb. 31-3 Aug: 20 1 
March 18 Sept. 
April 1 Ot; - 31 * 
May 32 „ Novem, 8 
June 1 - Dec = 7. 


The ſum of the height of the water of the whole 


year was 302 lines, or 25 inches, 2 lines, which 
is much more than the mean years, which afford 


us only about 19 inches. It is pretty extraordi- 


nary, that this year ſhould afford us ſo much wa- 
ter, tho? it rained very lit le in June and Auguſt, 


which with Faly, commonly furniſh as much as 
the 9 other months together; and the more as it 
did not rain at all from Sept. 3, to 19; and from 
Sept. 19, when it rained 11 lines to OZ. 19, it 
rained but 2 or 3 lines. But the great ſnows of 


Feb. with the rains that followed them toward the | 


* Jan, 9. 1702. 


end 
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Water, which cauſed à conſiderable Ober- 
flowing of the river; but it was not ſo great as that 
which happened in 1638 in Feb. the height of 
Wich is marked in the cloſſter of che celztin it 
C :0 . MadA2A 

We cannot determine any, thing certain on the 
height of the water to be furniſhed by a certain 
quantity of ſnow,, tor ſome is very rare, and ſome 


3 » 4) . 3 AA ene an . h 
* 28. 29 anNQ 30, 'furnithed about 31 lines 
f water; and this was the greateſt-continual tain 
of the whole year. There was a little ſtorm on 
the 28th in the evening „ „„ 
My thermometer Was at the hightft at 62 parts 
2, June 16, at ſun-riſing; and at two in the af- 
ternoon it was at 73 2; which does not mark a 
very great heat; for I have ſeen it riſe to 80. 
Juby 10, when the heats are uſually greateſt, it 
was but in its mean ſtate about ſun- riſing, which 
is the time when I make all theſe obſervations. 
This very thermometer was at the loweſt at 20 
paris, Feb. 15; but two days afterwards: it roſe 
again to 36. The mean ſtate of the air marked 
by this thermometer; as it is at the Bottom of the 
caves of the obſervatory, when ic always continues 
at the ſamie height, is 48 of its parts or degrees. 
It begins only to freeze in the country, when this 
thermometer is at. 32; ſo that from the mean 
ſtate to froſt, it falls only 16 patts; and conſe- 
quently the degree of heat of the air, which ſhall 
be as much above the mean ſtare; às the degree 
of the beginning of the froſt is below it, will be 
64, as it was this year nearly about the mornin 
of the day of the greateſt heat; and the greate 


heat of this day at 2 in the afternoon, when the 
thermometer marked 73 4, was almoſt as much 


8 
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above the mean ſtate, as the greateſt cold of the 


year was below it, when the thermometer was at 
20, at the ſun-riſing, the coldeſt time of the whole 
day. 

The thermometer which I make uſe of every 
day for my obſeryations, is z ſimple barometer, 


which is placed at the top of the great hall of the 


obſervatory, wherein the quickſilver always keeps 
3 lines lower than that which M. Picard made uſe 
of, and in which he perceived light upon agitating 
the quickſilver in the tube, which was a new phz- 
nomenon. I cannot ſuſpect that there is any air in 
mine; for it gives light like the other, and T have 
filled it with a great deal of care. It muſt be ob- 
ſerved, that in order to have the true height of the 
quickſilver i in the tube, the frame of the barome- 
ter ſhould be a little ſhaken againft the wall where 
it is hung. 
My barometer was at the higheſt at 28 inches, 
5 lines, Fan. 21; the ſky was clear, with a mo- 


derate north wind near the ground; but the upper 


wind was eaſt, And during this whole month, 
there was but little rain, and the barometer was 
always very high; for half this month it was 
above 28 inches. The fame barometer was at 
the loweſt at 26 inches, 9 lines, 3, Dec. 10; with 
a very violent hurricane, the wind being toward 
the ſouth with but little rain. Thus the difference 
between the higheſt and loweſt ſtate of the baro- 
meter was 1 inch, 7 lines, 3, which 1s a little 
ae than the common ſtate; that is, 1 inch, 4 
lines. 

I obſerve in genera), that during this whole 
year, when the barometer was at 28 inches, or 


thereabout, which happened pretty often, it has 


rained little or nothing, which agrees with the 


general opinion, that the barometer predicts: the 
You. IV. Nao. Ee lex 
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ſerenity of the air; and when it was at the loweſt, 
there was always a good deal of rain and now, as 
it happened i in Feb. This rule however ist not ſo 
certain, as to have no exceptions, for about the 
end of July, when it rained conſiderably, as 
have already obſerved, the barometer was about 
27 inches, 8 lines; Which may happen from par: 
ticular cauſes, which are not common, as a ſud- 
den ſtorm, when we often ſee 2 contrary winds, 
which having different directions either upwards 
or downwards, and laſting but a little while, 
make irregular impreſſions on, the quickſilver i in 
the barometer. 

The winds were this year as uſual in this country 
very often toward the ſouth- welt. _ 

OF. 6, at eight in the evening an earthquake 
was perceived only in my apartment at the obſer- 
vatory; and one of the principal ſigns of it was, 
that the great rings of a copper ciſtern ſtruck 
againſt the ciſtern, made a good deal of noiſe, 
and continued a long time in motion, which was 
obſerved by all who were in the place: but I did 
not mention it then, becauſe I ſuſpected that this 
ciſtern, which had a good deal of water in it, 
might have ſlipped a little upon its frame, and that 
a ſmall motion of the water might have given one 
to the ciſtern, ſufficient to make the rings ſtrike 
againſt the body. But ſome days afterwards we 
received letters out of the country, 30 leagues 
from Paris, by which we have been informed of 
an earthquake which was felt there, and had ter- 
Tified the people of the place; and it was on the 
ſame day, and at the ſame hour, that we per- 
ceived it at the obſervatory, We have had ac- 
counts of it alſo from other places, where it Was 
very conſiderable. 

Dec. 30, 1711, I found the n of the 
f I | | needle 
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needle to be 51 25 Y toward: the welt as it was the 
preceding year | Pot it mult be obſerved, thatat 
the end of the year 1 709, it was but 10 15%; and 
conſequently. from 1709 to 1710, the variation 
has been 35 minutes, which *' was at ut deu. 
ble of what it was obſerved tõ be 
years; but 1771 has ſet it fight, for we have 
but 35 minutes difference for 2 years. We cannot 
| however ſuſpect any error in theſe obſervations, 
for we always make them with very great care, 
uſing the ſame needle, which is 8 inches lon 
and applying one ſide of the ſquare box, in lien 
it is incloſed, againſt one of the faces of a great 
ſtone pillar at the bottom of the terraſs of the ob- 
ſervatory. We are aſſüred of the poſition of tlie 
face of this Pillar, by ſeveral very exact obſerva- 
tions, that it looks exactly to the weſt. 


UI. A compariſon of the ebſervatians 2 af 
Zurick on the rain, and on the banome- 
ter, with. the Jaregong, during rb fame 
yean® ot: 
M. Sehauchzer compares his pre N of the 
quantity of water, both in rain and melted ſnow, 
month by month, with what J have found at Paris Ar 
the obſervatory which I had ſent him by order of 
the Abbé Bignon, whereby we find, that it rained 
more at Zurick than at Paris in every month; ex- 
cepting only the month of July. For he found i in 
Ten. 34 lines £3 in Feb. 109 lines in March, 44 
lines : 4. in Abril, 26 lines 23 in May, 39 lines 4 
in June, 15 lines; in Juby, 38 lines 4; in Aug. 66 
lines; in Seyt. 35 lines ; in Oct. 62 lines 23 in 
Nov. 43 lines £ 4 z and in | Dee. 25 lines. 
This gave him for the whole year, 45 pebes, 
1 line, Paris meaſure z and he oblerves, that it is 
* April 26, 1712. 


Ee 2 one 
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one of the greateſt heights of water which has been 
hitherto „. but at Paris I found only 25 
inches 2 lines; which, however, is one of the 
greateſt that has been ſeen here. I have related in 
the obſervations of another year, ſome reaſohs 
which may ſhew, that there muſt fall more water 
and ſnow in the mountainous: countries, than in 
the plains which are diſtant from tlem. 
Ile found the greateſt height of the baromerer 
Dec. 22, at 27 Wan that day it was here at 
28 inches, 3 lines, 4 4 in the morning, with che 
common barometer; but with arother at 28 
inches, 6 . ＋ 3 E difference therefore was 
18 lines, 2. The leaft height of his barometer, 
was Feb. Hat 25 inches, 11 lines, ; and the ſame 
day here at 26 inches, 11 lines, 35 with the com- 
mon barometer, and with the other at 27 inches, 
3 1 and the difference with this laſt is but 13 
lines, ; but thoſe days are not the ſame on 
which I here obſerved the greateſt and leaſt height 
of the barometer. Thus the difference between 
the greateſt | and the leaſt height of the 
barometer, which I found at Paris, is 20 


lines; and he finds it but 12 lines 2. This ſeems 


to me to ſhew, that the heights of the quickſilver 
in the barometers do not always come from the 
height of the whole atmoſphere, which cannot be 
. different in places upon the earth, which are 
not very far from each other; and at the ſame 
time, but from ſome particular accident of the air. 
However, if we took a mean difference of the 
height of the barometer at Zurick and at e 


the obſervations which J have juſt related 


ſhould have almoſt 17 lines; and if we ſuppo ell 
toiſes of elevation for a line of alteration in the 


height of the quickſilver, it t would follow, that 
Zurick 
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Zurick would be 187 1 higher than Paris 
above the ſea. d 36 1 - bavidldo om 
Hey es: very much ache 
chiefly on the earthquake, Which was felt at Ba/#, 
of which M. Bernoulli has ſent N exact 
relation z and this. .is:the-reſult of it.. Av 

There were two ſhocks of this earthquake at 
but a little diſtance from each other, Feb. g,; be- 
tween four and five in the morning we felt one 
at Paris, OZ. 6, at eight in the evening, whence 
we ſee, that the cauſes of theſe : earthquakes 
were very diſtant. At Baſil the earthquake ws 
preceded by _ very violent ſouth wind, lilce a 
tempeſt, or a hurricane, which was 1 
by an extraordinary heat in this ſeaſon of 
year, tho” it was very cold before. At that — 
all the ſnow, Which was very deep upon the 
ground, was melted in leſs man two hours, and 
all the rivers, and the Rhine itſelf, increaſed ex. 
traordinarily, which had not ſeen till then z 
but when this wind ceaſed, the cold began again, 
and there fell a very great quantity of ſnow, to the 
height of 2 cubits; Theſe are his own words. 
M. E cheuchzer obſerves, that the ſame accidents 
of wind, and heat, were alſo obſerved! at Zurich, 
but he does not ſay, the earthquake was felt there, 
he only adds, that at the ſame time he obſerved 
_ height of the remeter to be: 250 inches 11 
ines. 

In the laſt place, the akin: has the fim of 
= earth di not m__ well: | in his | 
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III. 05 the ebbing and Wing. of the ee, » 
. Cuffini, eee e e A Fe 
Chambers. 


len have long been enquiring the coals % 
that continual motion of the ſea, whereby its, wa- 
ters in Ss — 58 on, 24 hours riſe, 4% Dl 


Water Is let the fi e or flood, 5 
ES when arrived at Its utm̃oſt height high 
water. On the contrary, the motion whereby | it 

Aſn. 1s. called the ebb, or reflux, and, when 
I ceaſes to fall,. low-water. 

By. this. ſucceſſive change i in the height, of the 
ſaa-water when retired, frequently, proves too 
low in moſt parts of the ocean for veſſels of a cer- 
tain burthen to enter or come out; ſeveral rocks, 
0 e Sc. are alſo covered at certain times 

ſea-water, which are left bare at others; 
1 o. har i it is of the utmoſt importance for the ſake 
of gayigation, to be able to determine the periods 
of the flux and reflux, and to have in exact ac- 
Audintapce with the ſeveral Phenomena which ob⸗ 
11 therein. 

"Tha memoir drawn up by the academy, and 

ent by the count de Pontchartrane to the king's 
ene of hydrography, in the ports of che 
cccan, has procyred a great nun nber, of obſer va- 
tions of the tide to be made with all the accuracy 
and ſucceſs imaginable.— An account has 
already been given of thoſe made at Dunkirk and 
l to which We 1 1 obſervations, 

nd drew new rules from them. The buſineſs now 
is to learn whether the rules wh: dich agree to thoſe 
two ports, be general and capable 'of being ex- 
ended to the other ports. 
April 5. 1712. There 


its 
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There is the more neceſſity for verifying, theſe 
rules, a8 ſome of them go quite counter to what is 
commonly ſuppoſed, that the higheſt tides always 
happen about the days of the equinoxes. An, opi- 
nion which ſeveral philoſophers have laid down as 4 
certain rule, and ſtrove to give the phyſical. Walon 
thereof. ry 
In order hereto, Grace more r ohſetz were 
required i in other ports, like thoſe made at Dun: 
kirk and Havre; wherein might likewile, be ex- 
preſſed, the time of low-water, and the depth of 
the ſea in that ſtate; for as the times when the 
ſea is higheſt deſerve well to be known, as being 
the fitteſt for entring of ports; ſo thoſe when it 
is loweſt, are no leſs neceſſary to be known on ac- 
count of their unfitneſſes for thoſe purpoſes. — 
Something of this kind we have had.occalion to 
examine by a new journal of obſervations, both of 
high and low-water, made at Breſt by the ſieur 
Montier de Longchamps ; it begins on the 10th of 
June, 1711, and ends on the laſt of Fan. 1712. 
The times of high-water for every day, both 
the morning and evening ones are here regularly 
noted with the height of water therein; and com- 
monly alſo the time of the low- water, and the 
depth of water in that ſtate. To each of theſe ob- 
ſervations care has been taken to affix the conſti- 
tution of air, and the diſpoſition of the wind, 
which have a great ſhare in the accelerating, or 
retarding the A. and the different heighis ob- 
ſerved therein, 

By comparing the times of high-water in 
the new and full moons at Breſt, we find that the 
high - water obſerved to have come earlieſt was on 
the 26th of September 1711, at 313“ in the 
morning; and that the lateſt was on the 25th of 
December at 4" 3o'in the evening; fo that there 
are 
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are inequalities in the time of the tides even in neu 
and full moons, yet theſe inaqualities may be in 
ſome meaſure reduced to a rule, by ſuppoſing the 
mean time of high- water at, Breſt to be at 3 45% 
and making uſe of the rule preſcribed at Dunkirk, 
and Havre, which is to add 2“ to the mean time of 
high water, for every hour that the time of new 
or full moon anticipates the mean time of high wa- 
ter, and to ſubſtract on the contrary 2 for each 
hour, that the times of new or full moon ne 
behind the mean time of high- water. 
For an inſtance, on the 28th of Auguſt 1711, 
che day of full moon, it was found high - water at 
4 6 in the evening, and the time of full moon. 
hg noted that day in the ephemeris was at 5" 80 in 
the morning, the difference between 5" 8 in the 
morning, and 3" 45' in the evening z z the mean 
time of, high. water at Breſt, is 10" 37; the double 
whereof 21 is the number of minutes to be added 
to 3"4.5', on account of the full moon's anticipating 
the mean time of high-water, the ſum gives the 
rrue time of high-water on the 28th of Auguft 1711 
at 4 6/ in the evening, the ſame as was actually 
obſerved. - So on the gth of December 1711, the 
day of new moon, high-water was obſerved. at 30 
297 in the evening, in che ephemeris new moon 
is noted for that day at 11 15/ in the evening, the 
difference between 3" 45', and 11" 1% is 7 30, 
the double whereof 15 is the number of minutes 
to be ſubſtracted from 345, on account of the 
times of full moons coming behind the mean 
time of high- water, the remainder gives the true 
time of high- water, on the 29th of December 1711 
at 3 30 / in the evening, within half a minute if 
what was actually obſerved, oft 
As to the tides in the ne high - water 


is then found at Breſt, nearly about the ſame time, 
tho 
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tho? with inequalities ſomewhat grrater than thoſe 
obſerved in the new and full moons, Mhich is a. 
neceſſary conſequener, : ſuppaſing the motion of 
the tides to depend on that of the moob, ſince that; 
planet is found by aſtronomers ſubject to greater 
inequalities in che — ann in <onpunttOgr 
or oppoſition. „n pit 

Taking a all between holy inequalities, 
we ſhall. find the mean time of .high-water in the 
quadratures, at Breſt at 8 57/,- and the true time! 
of high-water will be determined at Breſt for the 
days of quadrature, after the ſame manner as was 
done for the days of new and full moon, with this- 
only difference, that in lieu of two minutes, we 
muſt add or ſubſtract 2: from the mean time, 
for every hour the qua tung anticipatea, or comes 
behind the mean time of high- water. 

The mean time of high; water at Breſt in the 
new and full moons, being fixed at 3 45% and 
in the quadratures at 8 3755 gives us the retarda- 
tion of the tides from the new and full moons 40: 
the quadratures 5”. 12/, . preciſely the ſame as was 
obſerved at Dunkirk, and within 2 minutes of what 
was determined at Havre; ſo that we may take t 
for a general rule, that the interval between the 
times of the tide from new and full moon to the 
quadratures, is leſs than from the quadratures 
to the new and full moons; and that the diurnal 
retardation of theſe tides goes in A. regular 
kind of progreſſion, tho? the terms of this progrei- 
ſion do not fall upon the days of new and full 
moons, and quadratures, but one, two, or three 
days after; it being obſervable that the effect of 
the ſeveral phaſes, of the moon upon the tides, is 1 
not communicated immediately; and that the digh⸗ 
eſt tides uſually. happen two days after new and full 

Vol. IV. No. 40. ff :; 0.0.) Moons, 
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moans, as the | loweſt uſually. —_—_ two n+ 
after the quadratures. Nn! a8 
We have already obſerved chat the higheſt rides 
do not always happen about the equinoxes, and all 
the. loweſt; about the ſolaſtices ; but that the dif- 
ferent heights of the tide, ſeem to have a nearer 
relation to the different diſtances of the moon from 
the earth; this rule, which agreed with the obſer- 
vations made at Duntirꝶł and Havre, and which 
we venture to extend beyond thoſe ports, is farther 
confirmed by the obſervations made at Breſt; for 
tis obſerved that in the high tides happening after 
new and full moon, the ſea riſes much higher when 
the moon is near the earth, than when ſhe is fur- 
ther diſtant therefrom; and that in two ſucceeding: 
new moons, where the moon is at an equal diſtance 
from the earth, the tide uluatly riſes to the e 
height. _— 
For an inſtance, on the roth of bende; _— 
the day of new moon, the moon's diſtance from 
the earth was 93600 of thoſe parts, whereof the 
mean diſtance is 100000, which is one of the ſmal- 
eſt diſtances that can happen; and accordingly 
the tide roſe that day 19 feet 3 inches. On the 
25th of November follow ing, the day of full moon, 
the moon's diſtance from the earth was 106540 of 
the ſame parts, which is one of the greateſt diſ- 
tances that can happen; and accordingly the. 
height of the tide that day was only found 16 
feet, 9 inches, which is leſs by 2 feet 4 inches, 
than when the moon was nearer the earth: and 
this pretty much in the fame proportion as the 
moon's diſtance from the earth. On the contrary, 
the diſtance of the moon from the earth being 
pretty equal on the full moon of the 29th of Fuly, 
1711, and the new moon enſuing on the 14th of 
dug, the higheſt tides -_ followed on the 


13ſt 
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31 of Faly, and 16th of Auguſt,” were found 
about the ſame pitch. 

But the height of the tides, which; in thels 
obſervations ſeems to depend on the diſtance of 
the moon from the earth, does not ſuit ſo well 
with the rule of the equinoxes; for on the 26th 
of September, the day of full moon immediately 
following the autumnal equinox, high- water roſe 
in the evening to 17 feet, 5 inches; and on the 
day following, which was thar of the' higheſt ride, 
it roſe to 17 feet 6 inches; on the 12th of OFober 
next, the day of ne moon, the height of the tide 
in the evening was found 19 feet, 5 inches; and 
the next day which was the time of higheſt tide, 
it roſe in the evening to 19 feet 6 1 which 
was higher by 2 feet than on the 27 of September; 
tho? according to the rule of the equinoxes this 
tideſhould have been lower than the former, which 
was nearer the autumnal equinox; but if regard 
be had to the moon's diſtance from the earth in 
theſe two obſervations, it will appear that the 
tide ſhould have been lower on the 27th of Septem- 
ber, than on the 13th of October, ſince the moon's 
diſtance from the earth in the full moon of September 
was 103970 greater by much, than in the new 
moon of Ociober, when it was 94680. 1 28 

This relation of the tides with the diſtance of 
the moon from the earth, not only holds in the 
high tides ſueceding new and full moons, but alſo 
in the leſſer tides which follow the quadratures; 
for on the 6th of Auguſt, 1711, the day of the laſt 
quadrature of the moon, when her diſtance from 
the earth is 106300, which is one of the greateſt 
that can happen, it was found on the Sth of Au- 
guſt following the day of loweſt tide, that the 
flood only — 10 feet 10 inches 4 lines, which 
is one of the loweſt that has been known. 
Ff 2 1 
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On the 21ff of Auguſt following, the day of the 
Grſt quadrature, the moon's diſtance from the earth 
was 97% Oo, which was much leſs than on the 8th 
of Auguſt,” and accordingly on the 22d of Auguſt, 
the- Gay of: loweſt deci] it roſe to 12 foot 5g inches 
6 lines, which was higher by 1 foot 7 inches than 
on the 8th of Auguſt. So on the Tyth of No- 
vember 1711, the day of the firſt quadrature, the 
moon's diſtance from the earth being nearly the 
ſame as on the 3d of December, in the ſame year 
the day of the laſt quadrature, the low tides im- 
mediately following thoſe Phaſes were fonud a- 
bout the ſame height. 

It appears therefore beyond Hoube; that the 
different diftances of the moon from the earth 18 
one of the chief cauſes of the different heights ob- 
ſerved in the tides, which agrees likewiſe with 
Mr. Childrey's obſervations, related in the Philo. 
ſophical Tranſa#tions for October 1670, where he 
gives an account of ſeveral high tides, which 
cauſed great inundations in England, and eee 
= happened when the moon was in periges. 

After laying down rules for determining the 
time of high-water, and the days of higheſt and 
loweſt rides, we proceed now to conſider what 
befalls in Iow- water, that is, after the ſea is with- 
drawn and ſunk to her loweſt ſtate, which ! is alſo 
obſerved twice a day. 

It ſhould ſeem at firſt light, that the” ebbing 
and flowing of the ſea being a ſucceſſive motion, 
the time of low- water ſhould be a medium be- 
tween the times of high- water immediately pre- 
ceding. and following it; but by all obſervation 
the ſea employs more time in falling than in ri- 
ſing ; the reaſon may be, that the force which 
ob ges the ſea to riſe ſtill ſubſiſts for ſome time 
after 1 it has arrived at its utmoſt height, and thus 

8 keeping 
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keeping? the water in ſome: meaſure: — 
prevents their falling with ſo much velocity; a8 
* would do if nothing hindered their deſcent. 

It follows hence, that to enter a port, tis by 
no means ſafe to come before the tide, ſince at 
equal diſtances of time the ſea is lower before, 
than after high- water. oy 

But what is more i in Pact is 
chat the higher the ſea had roſe, the lower t 
ſinks again; and the leſs bigh the ride had been, 
the leſs low will it be after the ebb. For an 
inſtance, on the 13th of 03. 1711, the day: of 
the higheſt tide at Bret, the water roſe 19 feet, 
6 inches, above the fixed point; but upon the 
ſea's withdrawing, it was found 1 foot, 10 inches, 
below the ſome point; ſo that the ſea had fallen 
that day 21 feet, 4 inches. On the con- 
trary, on the 6th. of Sept. os day of the loweſt 
tide at Breſt, high-water was found at 10 feet, 3 
inches; and low- water, on the day preceding, 
was 5 feet, 11 inches; ſo that the ſea had only 
fallen that day 4 feet, 4 inches. 

Hence it appears more eaſy to determine the 
time of - high-water about new and full moons, 
than about the quadratures; ſince, in a ſpace of 
time almoſt equal, the ſea ſometimes riſes 5 times 
more in the new. and full moons, than the. rag 
dratures. 

From theſe obſervations it likewiſe - appears, 
of how much importance it is to know the time 
of high-water -in new and fuil moons, fince. on 
theſe occaſions the ſea-riſes or falls with more ra- 
pidity than about the quadratures ; z ſo that to 
bring a veſſel into a port where there is only depth 
of water ſufficient at the: time of. new and full. 
moon, might be dangerous, if the pilot were 
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not well informed of the wen ima: of - light 
water. e {1+ G4; Rs SA. 24.nt v0 
From hole, eee new * — wight be 
kid down for determining the time of -high and 
mater. and the height. thereof at Bret, for all 
es of the year 3. and. theſe rules being added to 
oſe already preſcribed for findiog the time — 
joke of high-Water at Dankirt, and Havre, 
will include almeſt every thing to be deſired on 
this head, for the advantage of navigation 
Tho our intention be not here to give a —— | 
ral theory of the ebbing and flowing of the-ſeas 
zwe ſhall here ſubjoin our ſentiment as to the 
cauſe of the principal phoznomena obſerved theres 
in. 22 177 38 
1 In ar to chis, we 9 * that the ebbing 
and flowing of the ſea, may ariſe from the preſ- 
ion of the fun and moon, upon the celeſtial mat- 
ter which ſurrounds the earth; but more from the 
of the moon which is nearer us, than chat 
of the ſun, which is farther off. 
Now in the new and full moons, 5 5 th& fun 
ant moon are nearly in the fame direction with 
regard to the earth, thoſe two luminaries poſſeſ- 
ſing a place in the matter which furrounds the 
earth, neceſſarily compreſs that matter, and here-; 
by preſs upon the water in the ſea, which being ob- 
liged to give way, and flow on either ſide from the 
place of preſſure to the diſtance of 90%, where 
the: ſea muſt be at its greateſt height; in other 
ſnuations of the moon from the ſun, the moons 
action being directed differently from that of the 
ſun, the preſſure upon the earth muſt be lefs, and 
conſequently the fea leſs high in its flux, as well 
as leſs low in its reflux; laſtly, the effect of the 
ſun being oppoſite to chat of the moon in the. 


n the preſſure occaſioned by the — 
muh 
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muft: be partly deſtrbyed; and;tonfec ently! rhe 
ſea be higher in the time of low- water z but lower 
in the time of e e as is cual od. 
ſerved. 463-3108 ©: 1 LH + a} 
As 70 the different diſtances of the moot "Fr 
the earth, they muſt have a ſenſible effect on the 
heights of the tides; for the preſſion of the mount 
upon the earth, muſt needs be greater when ear 
the earth, than when further off. Since the mo- 
tion communicated in a fluid near at hand, 
more forcibly than that communicated at a greater 
diſtance, that it may be obſerved in à fluid Put 
into motion, whereof thoſe parts neareſt the 
place where the motion commences are more 81 
tated oa thoſe enen off. 
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IV. Referent upon ber bal ons of tha * 5 
meter made by M. Vallerius direfor of ſe. 
veral copper mines in Sweden, by M. de 
la Hire, Jau. ral Hated v Mr. Chama 


„ben 5 


Sbewing N. Vallerius, who! is a _ — 
tician, when he was ſome years ago at Paris, the 
changes which the mercury in the barometer unn 
dergoes between the top and bottom of the obſer- 
vatory, 1 deſired him to make the ſame experi- 
ments in the mines under his care, which he did 
accordingly laſt ſummer in the wells of Flemengie- 
nus and Flemingſſchatet, and the mines called 
Falbunenſes in the great copper mountain, and 
upon the mountain Grafriis-barget adjoining to 
thoſe mines the heavens being very cloudy, and i 
the wind pretty ſtrong, ſo as to abate the heat. 
He began his experiments with an obſervation 
of the barometer at the entrance of the mine, 
Where 
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where he found-the- marry at the add urn 
and the fourth i ooth of the Sewedifo foot, which; 
in hn tak meaſure, are equivalent to 26. inches, 9 
lines; 0 ofa line Here it may be proper to 
obſerve, that the Swedes: divide their feet into 
12 parts, each 10th into 10 more, mans 'they 
call lines, and each line into io part. 

Then deſcending with the barocsetet l into one 
o: theſe mines 45 S wediſb fathom deep equivas 
lent to 41 fathoms, 1 foot, 2 inches, 1 line, 2 
Paris meaſure, he and the mereury ſtanding at the 
24th tenth, 7 lines, anſwering to 27 Paris inches; 
1 line, and 25, of a line; conſequently the mercury 
had aroſe 3 Swediſb lines for 45-of their fathoms 
deep, equal in to 3 lines 586 of a line for 4+ 
fathoms, 1 foot 2 inches, 1 line : Paris meaſure. 

He continued deſcending 45 Swediſb fathoms 
more, which is the loweſt he could go, and ob- 
ſerving the barometer here, found the mercury 
at the 2 5ht tenth; ſo that it had aroſe 3 Swediſh 
hnes, as in the former 45 fathoms, viz. to 27 
inches, 5 lines Paris meaſure. Hence for 90 
Swediſh fathoms we find 6 lines difference in the 
height of the mercury, which amount to 7 lines, 
758 for 82 fathoms, 2 feet, 4 inches, 3 lines, Faris 
meaſure. 

But to be further aſſured of the accuracy of his 
obſervations, he made 2 in his return up again, 
whereby the whole depth was divided into 3 
equal parts; whereas in going down, he had on- 
ly made one in the middle; after aſcending 30 
Swedr/ſh fathoms, he found the mercury ſunk 2 
Swediſh lines, which anſwers to 2 lines 388, for 
27 fachoins, 2 feet, 6 inches, 9 lines, Paris mea- 
ſure ——— Aſcending 30 Swediſh fathoms fur- 
ther, he found the mercury ſunk 2 Swediſh lines; 
n 30 _ e _— | 
* I F 


Reva. Acne of SeLeNCRS, 225 


And laſtly, artiving at. che entrance of the mige, 8 
which is 30 fathom further, he found the mercu- 
ry ſunk 2 Swediſh. lines lower. Q that it now Rogd 
ar the 2 ach tench, and 4 ines, as at firſt. 
Not congented with-theſe obſervations, M. Vale 
Jerius made others on the mountain Crufriisebar- 
get, adjoyning to the mine juſt, mentioned, and 
aſcending the mountain 15 S wediſb fathoms per- 
dieularly high, he found the mercury 1 $ wer 
70 line — an at the foot of the mountain: 
or the entrance of the mine, which amounts v 1 
line, 4 88, for 13: fathoms, 4 feet, 3 inches, 4 
nes 4 Paris meaſure Continuing to — - 
_ cend,.15-, Swediſh fathoms higher, he found the 
mercury 1 Swediſb line lower than in the formas 
obſervation and arriving at length at the top 
of the mountain, which was 22. Swediſb fathams 
higher. than in the former obſervation, and con- 
ſequently 52 $ wediſh fathoms above the entrance 
of the mine, he found the mercury ſunk 1 Swediſh 
line 705 ſo that it now ſtood at the 24th decad; 
and ,* of a line, ane] thus for 52 Swedihp fathams 
had ſunk 3 lines 4, which in Paris meaſure 
makes 4 2 388, for 47 fathom g feer, 2 inches; 
10 lines 25. 

Deſcending the mountain again, he ener 
the hei = mg of the mercury in the fame, places.as 
before, _—_ faynd the ſame differences, whence ho 
infers that 9 lines, and 5 of mercury, correſpond 
to 142 fathoms of Sits Sevedihh mealure, which 
amounts to 12 lines 5 „ for 129 fathoms, 450% 
11 inches, 1 line, and F$$« £5: 

For the more exactneſs of his e NM. 
Vallerius informs me that he made them with twa 
barometers which e 7 * n . 
to ending. 0 

Vor. IV. No. 40. "Ga | By 
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By examining the obſervations Above frlated, 
that from the bottom of the mine, to 27 firhows! 

2 feetꝭ G inches g lines perpendicular height, above 
the top of it, there are 109 fathoms, 4 feet; 108 
Neg, for which the mercury ſunk 10 lines, an 

244 ſo that there was always a line difference i in 
the height of the mercury, to 10 fathdins, t foot, 
6: inclies:! 4 lines, the mercury at the bottom bf 
the mine ſtanding at-27 inches, 5 lines, and at the 

top of the mountain 109 fathoms, at 26 inches, 
6 lines, .and 249: , HE a Th TORY eee 

- 'Theſe I take to be the fifſt experiments of the 
darometer, in places of this depth, which maki 
them of the more conſequence, asi they ſhe tf 
the ſame differences in the height of the mercuty, 
correſpond: to the ſame height of air; whether ſt 
be upon a mountain, or within the ground, even 
in a deep mine, where one might imagine that the 
great plenty of vapours, muſt have made the air 
conſiderably heavier than elſewhere, 7 

Now upon comparing the obſervations of M. 
Pallerits, with thoſe made in France, it appears 
that a line difference in the height of mercury in 
Sweden, correſponds to a leſs height of air, than 
the ſame is found to do by Meſſ. Caſſini, Picari, 
and de la Hire in this country. 

For M. Caſſini at the foot of the mountain 
Ner- Bun de la Garde, near Toulon, found 
barometer at 28 inches, which after aſcending 
the top, 178 fathoms 2 feet, was ſunk to 26 0h 
8 lines, ſo that 178 fathom 2 feet, gave a di- 
minution of 16 lines, which is 10 fathoms 5 feet 
per line, ſuppoſing the air equally denſe in this 

whole height———M. Picard again on Mount'St, 
Michael found his barometer ſink from the Greve, 
to the dial on the middle of the church, 4 lines 2, 
the depth between which places is 64 fathoms, 
whence 


whence, be 3 chat a line difference in the 
height of — anſwers. to 14, fathoms, 1 foot. 
4 inches. my. father on the mount 
Clairet, by 1 an found, his,. barometer. at 124 
inches, 4 lines, 3 S «but, deſcending to, the banks 
of the. ſca he found it at 28 inches, 2 lines, which 
is 21 lines 1 for 257 fathoms depth, or 12 fa- 
thoms per line; and from the like experiments 
at Meudon, he. found 6, lines, 4, ſinking of mers 
cury, for 85 fathoms, 2 feet, height of air, 
which gives 12 fathoms, and 4 feet, nearly fon a 
live 3 by other experiments made at the obſerva- 
tory, he found a e of OST anſwer, u 
fathoms, 2 feet and 3 5 17 

M. Caſſini, jun, in the memoirs for the year 17065 
gives a — of the heights of air correſponding to 
the heights of .mercury in the. barometer, founded 
on a rule eſtabliſhed by M. Maraldi, wherein it ap+ 
pears, that at 27 inches, 5 lines, the height of 
mercury found by M. / —— at the bottom of 
his mine, 11 fathoms, 1 foot, correſpond to a 
line difference of height of mercury; and that 
at 26 inches, 6 lines, which is nearly the height 
M. Jallerius was at on the mountain Grufriis- 
berget, 13 fathoms of air anſwer to a line a | 
mercury. 

The above-mentioned heights correſponding to 

a line of mercury are all greater than that found 
= M. Vallerius, tho they ſhoald be ſmaller, ſup- 
poſing as we may probably do, that the air is leſa 
and leſs denſe the further it is off the earth, ſince 
they are all founded on experiments which began 8 
at a point where the barometer ſtood at 28 inches 
whereas that of, M., Vallerius, when loweſt, was 
only at 27 inches, 5 lines. gut as this proof 


8 . 
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may not ſeem convincing, T ſhall ſubjoin an-ο 
ther founded on the — vis. that the 
air is an heavy elaſtic e . rn 

If rhe atmoſphere CN, which Lappe of a' 
certain extent ifrom the centre of the earth C, be 
divided from the top ſo as to give all the Points 
X, U, T, 8, Sc. where the mercury changes 4 
Nne in its height, theſe points will mark ſpaces 
Which g — . in a Marker 

ortion. my Fa 3977 4 

If now + barometer by placed in any „ Nerd of 
therarmoſphetc) thus divided as in R, Ul the 
mercury be found for inſtance at 26 inches; if we 
would have it to fink a line, we muſt raiſe it to Sq 
but if while the barometer ſtands in R, the atmo- 
ſphere growing higher, makes the mercury riſe 
27 inches. To make the mercury now fall 2 
line, we muſt not raiſe it the height RS, burthe 
height EF; for that the different changes of the 
atmoſphere, produce the. ſame effects on a baro- 
meter which keeps it place, as would be produced 

removing it into a higher, or lower PROP 
while the air undergoes no alteration. 

But by the experiments of M. valleriur we 
find, that at a certain height of the barometer, a 
ſmaller height of air anſwers to a line of mercury 
in Sweeden than in France, than is found at a 
greater height of the barometer in France, which 
ſhews, that the atmoſphere 15 much higher in the 
northern countries than 'tis here; and hence it 
ſeems to follow, that the perpendicular height 

correſponding to a line of mercury at a 3 
height of the barometer in France. 57 

It had been conjectured from the obſervation” 
of M. Richer, at Capenye,. that the atmo] ney 


* 3 885 V. Fig. 12. 
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becomes higher a8 t is further from cle Und the 
greateſt height of mercury which hep found chere 
during a whole year, being only e inches 1 

line ; whereas, at the obſervatory, no year paſſes 
wherein it does not riſe above 28 inches 

But the atmoſphere being higher in the nor- 
thern than the ſouthern countries, the refraction 


muſt be much greater, which we find actordingly 7 


from the obſervations of ſome aſtronomers who-- 
attended king Charles II. of Sweden, 1 in an ex- 
pedition tow-ards the north pole. , H 
It remains to account for the differences be- 
tween the obſervations made in theſe countries, 
for determining the perpendicular . of air 
correſponding to a line of me —Aſter 
ſifting the ſeveral changes which may befall the 
air, J apprehend this difference owing to two 
principal cauſes; the firſt, to a greater or leſs 
height of the atmoſphere; and the ſecond, to 
trains of vapours diffuſed thro* the air near oo 
earth, which on ſome occaſions may make the 
ſpaces of the air: they are in heavier without any 
conſiderable alteration | in the Ry _ hd: grand 
I pg WF 3 


V. A continuation) * the oder ations on 1 the 
berbars, 109 M. Geoffroy, Juniors. : 


837 


la my firſt obſervations I have remarked, ther” 
there is generally in the centre of each bezoar 
ſome foreign body, about which the bezoardie 
rata are formed and diſpoſed. It has alſo appeared 
to me, that it might be a ſign, that the ſtones are 
not counterfeited, as thoſe whO ſhould endeavour 
to counterfeit them, would not think wer uſing a 


_— * 
* 
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precaption, which-would; be of $0-fervicetathem 4 
and; beſides, they would never take the pains to 
ſee K for ſo great a variety of ſubſtances, as thoſe 
which ſerve for a baſe to *. different bezoar 
ſtones. 1 218 SO V 
Tbe very ſell beans are; * after the 
ſame manner. Boccone has obſerved kernels in 
them of different ſorts, pebbles, gravel, wand; 
metal, coals, Sc. I have examined that fort; 
called Pri apalites, which grows in Languedoc: 
and one of them was given me by M. Ban; the 
centre of Which is ce 5 a en al rock 
cryſtalll. ttt nt 
Among the different kernels found in thorn; 
mal bezoar ſtones, I have obſerved one which 
appeared to me to reſemble the ſtones of Caſſia 
or 7. amarind, but ſmaller. ] have, however, 
found ſince, that it might be the fruit of a pod, 
which I had not ſeen before, reſembling that of the 
pod of the tree, called, Acacia vera Agyptiana. 
Ibis tree grows in Egypi, Arabig, and other places. 
The pod, which is brought to us from Senegal, is 
3. Or 3 4 inches long, and gor 10 lines broad; 
it is compoſed of an outer and an inner mem- 
brane. The outer membrane is very tender, of 
a brown colour, and faſtened to the inner one, 
which is cartilaginous, and very thin. The mat- 
ter, which unites them, is gummy, of a tranſpas 
rent yellowiſh colour; it melts in the mouth, and 
bas a very rough taſte. In the longeſt pods I 
have found 8 grains ſeparated from one another 
by a ſort of contraction, which reunites the ſides 
of the membs ANCE. Fach cavity of theſe pods 
contains a flat grain, reſembling a lupine, ſome- 
times exactly Hirgulam and ſometimes a little 


compreſſed by the contraction of the. Pod. which 
is 


7 
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is Cloſer in the middle than at the t Ho endsavſo; 
that the fruits of the middle of the podate: a little 
compreſſed e thoſe of the end are exactly; 
round“ A nr e 103 bite dna rl tn 
What ade me judge that theſe fruits were 
thoſe Which [had - obferved in the beadar, 
which is round, 'and-a little flatted, is thiat I hae 
found them to have the ſame: marie, andi among 
many others, a circular whitiſh line, dran ups 
each face of the fruit, ſuch as appears upon that 
which ĩs found incloſed in the bezoar, 1 put ſome 
of theſe fruits in water, they ſwelled . in tho 
ſame manner as they would have done when found 
in the ſtomach of the animal} where they began 
to he covered with the bezoartic matter. The 
tincture which I drew from theſe fruits was red 
- very ſour. I threw a little vitriolintoiity and 
it grew black: theſe ſeeds, and their pods are 
uſed· in the country where they grow, to tan leas 
ther. From their decoction in water is drawn a 
juice, which is thickened, and brought to us under 
the name of Succus Acaciæ. It is alſo pretended, 
that from this Acacia tree, that the gum is ob- 
tained, which we call gum arabic, and gum ſene- 
gal. Is there any probability that the makers of 
the bezoar ſhould go to look among other things 
for the fruit of the Acacia, to make one of the baſes 
ol their compoſition? And is it not more likely 
that theſe fruits and fome others, which ſerve for 
nouriſhment to the animals, cauſe by their aſtric- 
tion a thickening of liquors in the ſtomachs of thoſe 
animals, whichie eat the moſt of it; this thicken- 
ing of liquor 1805 cauſe the formation of The | 
bezoar ſtones . 
This is the manner in which” thoſs Nnes grow 
in the ſtomach of the animal that bears them, and 
grow 
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gro to the ſtate in which ve find them. There 
may be ſeveral found in the ventricle of a. fingle 
animal. Tauersier ſays expreſly, that; ſix of 


theſe goats which he had for a preſent, had in all 


17 bezoars, that they might bg felt on the outſide 


and counted, which increaſed the price of theſe 
animals, in proportion to the number of bezoan 


that were felt in them. This ret ls þ with 
_ whatCinfius relates of the animals which afford 


the occidental bezoar. He ſays, that a friend of 
his in Peru, who had firſt made the diſcovery of 
the occidental. bezoar, being deſirous, to know 
how.theſe ſtones were formed in the body of theſe 
animals, diſſected one of them, and found in the 


ſtomach a ſort of pouch, where theſe ſtones * 
ranged 1 in order, as the buttons upon a coat. 


- Theſe two paſſages are quite oppoſite to what 
Poet tells us, that only one bezear is found in 
the belly of each animal. He alſo aſſures us, 
that he — not have ventured to contradict 
the authors, who have treated of it; had be 
not had a * in his hands to juſtify his * 


nion. 
It ba, he proper te to examine it here, as no- 


body, that I know of, has publickly expoſed Pome!'s 
error concerning the pretended-coat of the animal 
bezoar, which he ſaid was one of the greateſt. cu- 


rioſities that had been ſeen for a long time in France | 


in the opinion of all judicious perions. 
This coat is, ſays he“, of the bigneſs of. a gooſe 


egg, having on the outſide @ ſhort rough hair, of 


4 tawny colour, which being cut iu two, diſcovers a 
thin brown foell, which covers another white ſhell, 
as hard as a bone, in which the ae 15 eee 


that is called the bezoar. 


Papiat in his vrait des dreguers ler ates auim. cd 10. 
ö OW 


1 


n — 2 


en chip Bars covering of che bezvar; 
of which he preterided to have made the dicoverys 
is not any part of the animal which bears the bezoars 
but an exotic fruit} in which either Pomès, or ſomie 
quack, whom he had ſuffered to impoſe upon Him, 
had very artfully” incloſed a bezoar ſtone. This 
fraud was not diſcobered 'till about a year ago? 
As I was to examine this ſingular drug of M. Po 
met in company with M. Vaillunt and M. de 
Juſſeu, demonſtrators of the plants in tlie royal 
garden, we perceived that this pretended covering 
could not be a part of any animal, and that it 
muſt be ſome fruit but little known: This was Af 
terwards verified by M. Vaillant, who found he 


had ſome of theſe fruits, and could mike bezoars 


of them, with their coverings, juſt like the Sea 
ſo much eſteemed by Pomet; and T have made 
ſome of them myſelf. This fruir grows upon 2 
ſort. of palm: tree deſcribed by John Baubinus, and 


called by him Palms cuciofers : this fruit is allo. 


described by Theophraſtus, The tree grows in 


Egypt, Nubia and Ethiopia. Cordus calls it Nux * 


Indica minor, and has given a deſcription of the 
fruit, ſuch as I have juſt now related from Pomer, 

in ſpeaking of the coat of the bezoar. \ This: de- 
ſcription wants only one particularity omitted by Po- 
met, which is the ſkin that again covers'the whole 


fruit, and is of a tawny yellow colour; the fruit 
has a footſtalk divided into 6 parts, 3 great ones, 
and 3 ſmall ones. This would have been ſufficient 


to have · undeceived him, or thoſe who have been 


deceived after him, and it is of ſervice toward the 
perfection of natural hiſtory, chat Trout We this 


kind ſhould: be carefully revealed. 


It is not without reaſon that 1 Pur in my laſt- 


memoir in the rank of - bezoars all the ſubſtances 
Vor. IV. go. Hh :; 
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that are formed in ftrata in the. bodies of animals. 
The pearls which I reckoned in this number; de. 
Sow it ſo much the better, as I have found ſont 
in certain ſhells, ſo like the common bezoar, that 
they are hard to be diſtinguiſhed at firſt fight: 
Theſe pearls are engendered in a fort of thell-fiſh, 
called Pinna Marina, Pinna ſive Aſtura Maibidli. 
we ſee a great quantity of them on the coafts of 
Provence, where they fiſh in April and May; this 
ſort of fiſh is called nacre in that count. 
| The pearls which are found in theſe ſhells, are 
all of the ſame water; ſome are, as I have d, 
perfectly like bezoar ſtones; others of a coral, and 
amber colour, and others of a pearl colour, 
more leaden; the moſt uſual ſhape of them is that 
of a pear. All theſe varieties of ſhape and colour 
do not hinder them from being of the ſame nature, 
fince they grow in the body of the fame fiſh; I 
have four of. a different water and ſhape, which 
were taken out of the ſame ſhell.” That theſe, and 
all other pearls are formed in the body of ſhell 
fiſhes, as the common bezbar is in the gon 
that furniſh it, is not difficult to prove, nes Joe u 
breaking them they are found to have ſtripes jo 
certain bezoars already mentioned, and formed a- 
bout a nucleus or kernel, Wen ſeems itſelf 0 be a 
little pearl. e 
Some of chem are ſo une ven, that they do not 
preſerve the figure of pearls, but the matter of 
them is always diſpoſed in rata, like the be- 
zoars. Now it is never queſtioned but that the 
oriental pearls are of the ſame nature with thoſe 
which grow in other ſhell-fiſhes, as in the com- 
mon oyſters, and in the different ſorts of muſcles. 
All the difference between them comes only from 
their different water, but is every wire the ſame 
5 mutter, 
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matter, and the ſame ſtructure, as may plainly 
be ſeen. in the WIEN, pearls found in the Pinna 
marina. Pearls therefore muſt h. Jooked 
as true Begoars, as to their naturę, tho? they ate 
not perfectly ſuch as to their, virtue. 13 

The pearls are not the anly thing that is Nin 
vable in the inna merine. This ſhell- fiſn, which 
is a ſort of great muſcle, conſiſts of 2 large pieces, 
rounded at top, and very much poigted at bottom. 
very unequal on the outſide, brown. and ſmooth 
on the. inſide, towards the point inclining to. the 
colour of mother of pearl. They. are, of different 
ſizes from 1 foot to 24 in length, being i in, the broad 
eſt part about 3 of their length, theſe ſhells are ſp 
thin, that they are tranſparent; what is moſt re- 
markable in them, is a ſort of tuft, about 6 inches 
long, more or leſs according to the Ze of the ſhe}. 
This tuft is ſituated; toward the point of the ſide 
oppoſite to the hinge; it is compoled of ſeveral 
filaments of a very, ſine brown ſilk, theſe little 
threads being viewed thro a microſcope appear 
hollow, when burnt they afford an urinous ſmel! 
like ſilk. The ancients have called this ſubſtance 
byſſus, either on account of its reſemblance to the 
byſſus, of which they wove precious ſtuffs, or 
perhaps it might be the very 2 itſelf, which 
they uſed for that purpoſe; for the moſt able cri- 
ticks have not ſufficiently cleared up what we are 


ts underſtand by the. 5y/ſus of the ancients; they 


have, only diſtinguiſhed two | forts of it, that of 
Greece, . which was found only in the province of 
Elis, and that of Fudea, which was the fineſt. 
The ſcripture informs us, that this was uſed in the 


ſacerdotal ornaments, and the wicked rich man 


* 


was cloathed with, Je. Bur as the ancients under 


22 * our cranſlation of the bible 25 e is rented * 3 
H h 2 all 
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all other ſtuffs that were more precious than Wo- 
len, it is not eaſy to ſay exactly what their Sfr 
was, and whether it was obtained only from the 
ſhells Juſt. mentioned ; this 1s certain, that Ariſtoile, 
who calls the ſilk of theſe ſhells by/ſus, ſays: it 
may be wowen, and therefore it can hardly. be 
queſtioned, but that it was, uſed for the — of 
. perſons, . i in the ages when ſilk was but little 
nown, and rarely ſeen; in ſhort this &»ſus,' tho? 
coarſely ſpun, appears much finer than wool, and 
approaches pretty near to filk : they now make 
ſtockings of i it, and other works, which would be 
more valuable, if ſilk was leſs common: to ſpin 
this ſort of. Bye Huss, they leave it in a cellar, to grow 
moiſt and ſoft; and then they comb it, to ſeparate 
the flocks and impurities that ſtick to it, after 
which they ſpin it, as they do ſilk. +5 ell9t 
N The fiſhes, which afford the Fe I ho = 
of it to faſten their ſhells to, the neighbouring 
bodies, for as they are planted directly upon the 
point of their ſhells, they have need of theſe fila- 
ments, which they extend all around, like the cor- 
dage of a maſt, to keep. chemſelves in a ſi- 
tuation. nf 942030 
"7, £1.18 ' probable that * pinna marina forms 
We ſorts. of threads, with the ſame mechaniſm 
that M. de. Reaumur has obſerved in the ſea- 
muſcle; hut thoſe of the pinna are more fine and 
ſilky; and according to Rondeletius, they are as 
different from the threads of the muſcles, as ſilk 
is from hemp, \ which man be ſeen by —_— 
them together. 
There are ſome little = that get into the 
ſhells of the pinnæ, of which the antients have re- 
lated ſuch ſingular facts, that it map not 1 amiſs 
to examine them here. 705 
| © They 
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They thought this little animal grew with the 
fim of the pinna, for its preſervation and there- 
fore called it the guardian of the Pina, i imagining 
that the fiſh periſhed as ſoon as it come to loſe its 
Ce And this is what _ thought made 


As the pinna Ge ilhvithoat eyes, and beſſ des is 


not endued with a very exquiſite ſenſation, whilſt 


its ſhells are open, and the little fiſhes enter, the 


crab. gives it notice by a ſlight motion, that by 


contracting its ſhells at fem... the fiſhes may be 


taken; and then the pinna and the crab divide the 
booty between them.” Thoſe who did not believe 
that the crab received its birth in the ſhells of the 
pinna, | raiſe the wiſdom of this little animal 
ſtill higher, which in order to lodge. itſelf in the 
ſhells of fiſhes, takes its opportunity when they 
are open, and has the cunning to put in a little 
ſtone to hinder” them from ſhutting, and ſo eats 
up the fiſh. But all theſe circumſtances are like a 
great many -others related by the ancient natura- 


lifts,” without much foundation; and this is what 


has contributed to decry their works, thoꝰ they 
otherwiſe inform us of ſeveral things that are true 
and curious. What they tells us here of the little 
crabs that lodge between the ſhells of the ginna, is 
eaſily diſproved; for in the firſt place, theſe little 
animals are found indifferently in all bivalve ſhells, 
as oyſters and muſcles, as well as in thoſe of the 
_ Pinna, where we alfo ſometimes find ſome little 
ſhell-fiſhes, which get in or faſten themſelves up- 
on them. I have a little concha venerea, which 
uy found ſhut up and alive in the ſhell of a piz- 

Beſides the 'fiſh' of theſe ſhells does not live 
— fleſh, any more than the muſcles and oyſters, 
but only upon water and mud. Thus the cunning 
of the little crab is of no uſe to it. 


Laſtly, 


\ 
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Laſtly, the little crabs'do not eat the Gſhayiof 
the ſhells where they lodge, for we find theſe fiſhey 
found and whole with the pw crabs that accom 
1 them. | TEIE Nn TO! sh 

It is only ande em that throws theſe lie 
tle animals into the ſhells whilſt they are open, or 
elſe they retire thither for ſhelter, as they are very 
often found in the holes of ſponges and ſtones, and 
in the exterior cavities of the ſfiellls. 
As I have referred to the ſecond claſs of beanars 
the ſtones of the ſame nature which are talcen 
from animals, I. ſhall add thoſe which I lately 
obſerved in the bags of the beaver, which are cal: 
led car. Among ſeveral that J opened, I found 
one which ſeemed bigger than the reſt, and was 
filled with ſtones of different fizes. According to 
the common prejudice, ''I ſhould have "thought 
that theſe bags had been falſiſied and filled with 
ſtones to increaſe their weight; but upon examin- 
ing them, I. perceived that all theſe ſtones ad- 
hered, and were pretty regular in their ſhape.: 1 

preſented ſome of theſe ſtones to the flame of 
candle,” and they burned like thoſe taken from 
the gall- bladder, and had a ſmell of caſtor. Theſe 
ſtones pretty much refemble the kernels of mid. 
lars, as thoſe commonly do which ar found 
in the gall- bladder. They are tender, and dif- 
poſed in frala, which are ſeparated by mem- 
branes diſperſed through the ſubſtance of the bag, 
and forming the partitions of the celh. The 
biggeſt that I have found are 6 lines long, and. 4 
broad, and 3 in thicknefs. The others, which 
Are in greater number, .diminiſh in bigneſs, and 
the ſmalleſt are but about the ſize of pins . heads. 
It is not probable that theſe ſtones have been add- 
ed in the caſtor, conſidering the manner in which 


have already obſerved them to be * 
The 
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Fhe juice therefore contained in theſe bags mult 
have thickened and curdled, about the memhranes, 
or their glands; and ſo have ſerved for a baſe to 
the formation of theſe ſtones. It is obſerved, that 
ſtones are formed in all the cavities of animal bo- 
dies, and even in the glands; and thus the nama 
of bezoar becomes fo extenſive. | I chin theres 
fore we may range: theſe. ſtones in the number of 
bezoars, as well as the different ſorts of pearls, 
ſince they reſemble the bezoar in their ſtructure 

and vertue. The caſtor being uſed in medicine to 
fortify the brain, reſiſt poifon, aſſuage the va- 
pours, and drive them out by perſpiration, the 
ſtones which are found to contain the ſame prin- 
ciples, muſt have the ſame effects, and conſe. 
tly the ſame virtues as the bezoardic fubſtances. 

9 of the caſtor only with regard to the 
ſtonet, which I have obſerved, I ſhall not ſtop 
here to deſcribe the animal, nor the bags which 
contain the ſubſtaneę called caſtor; ſeeing the 
3 of it has 20 led DAE : by the aca- 

201 ſhall — 3 my opinion on a the choice 
by: this ſubſtance. ' I agree with thoſe who are ac- 
quainted with it, that ſome of it may be falſified, 
but J believe that the difference in its ſmell and 
conſiſtence comes rather from the climate, the 
food, and the age of the beaver, than from any 
counterfeiting. The moſt common, and leaſt 
eſteemed caſtor is that from Canada. It is 


looked upon as counterfeited, becauſe it has ei- 


ther no ſmell at all, or a diſagrecable one. I have 
opened ſeveral that were ſoft, and of very little 
ſmell, and yet without any appearance of ſophi- 
ſtication, for the cells were neither ſwoln nor 
torn. "Ow the contrary” they were divided by 
: 57 © - -- membranes 

1 


the figure which repreſents the whole 
a coach, own the fore- carriage, in order to thew 
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membranes adhering to the covering, as we ob- 
ſerve in thoſe which are not ſuſpected to be ſpu- 


rious. The caſtor of Dantzick is eſteemed the 
beſt, and yet that of the Levant ſurpaſſes it. 


There are ſome beavers alſo. found in — | 


in ſome parts of the Rhone ; they dry their bags, 
and this fort is very good, I have ſome in my 
collection, dried by an apothecary of Villeneuvt. 
lès-Avignon, which are very good and large with- 
out being adulterated. 1 have found that this 
caſtor was not at all inferior to that of Dantzict. 
That of the Rhone is commonly ſold for that of 
Dantzick, there being no other difference between 
them, but in that of Dantzicł having the ſtrongeſt 
ſmell. I am perſuaded, that our caſtor of the 
Rhone, has the ſame quality with that of the Levant 
and of Danizick; the bags are dried in the chimney 
where the liquor may ferment as it dries, which 
cauſes the caſtor to acquire continually a Homer 
ger and more proper Amel. 5 


VI. A machine to di . the lor fes 456. | 


lutely, and at once from a coach, when they 
are headſtrong and run away by M. de 1 
Hire, the fon*, - 


Theaccidents, which happen when horſes run a- 


way, are ſo great, that I thought I ſhould do a =; 
piece of ſervice to the publick, in finding out fome 
eaſy way of hindering theſe accidents, 1 
Among all the machines I have thought of for this 
purpoſe, I have found none more ſimple than that 


I am going to deſcribe; after — On 
ore-part 


* Now. 5 1712 


what 


£2 
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what is called the ſplinter-bar, with all the parts 
that depend on I ae where it is faſtened, 
and ita ule; + 

*Fig.13. AB! is he. pole, of dicks the fartheſt 
extremity from the coach, which is furniſhed with 
a hook QR, is repreſented underneath + - 

CD, CD the two futchells.  - - kd 

EF the ſplinter- bar faſtened upon the t two fut- 

chells, with 2 iron ſcrewes. 
NM are the cramps of the ſſ übe which 
go into it, and are faſtened at the mouldings, 
they hinder the 2 leather rings GH, GH, which 
paſs within as in the 2 cramps PP. of the bars, 
from getting out at the end of the {plinter-bar. -- 
LE, LK are the two bars ſuſpended, as we ſe, 
at the two ends of the lime har, by means of 
the two leather rings, and in the middle of the 
bars are the cramps PP, which hinder them from 
ſipping in the leather rings. 

LM are the traces with which the horſes draw 
the coach; they are fitted at each end of the bars 
in ſuch a manner, as to embrace them the more 
ſtrongly, in Proportion as the horſes draw with - 
more effort. 

S, the foot- board. 

Pig. 14. repreſents the end of a ſplinter-bar 
more large, with the bar which 1s faſtened to it 
by the leather ring, to ſhew all the ſmall parts 
of it better. 

I believe this explanation of the fore-carriage 
will be ſufficient to underſtand, what I ſhall ſay 
in the ſequel of this memoir. 

The machine in queſtion is applied at each ex- 
tremity of the ſplinter-bar, which is furniſhed with 
2 mouldings, two or three inches diſtant from 
each other, and raiſed about Z an inch above the 


* Plate V. | | 
Vor IV, Ne 41. 11 body 
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1 body of the ſplinter-bar, which is cylindrical, be- 
"" ween theſe two mouldings. c 
| It is between theſe two mouldings that the 12 
i therring of the bar is placed; 3 it is made of ſeveral 
1 leather thongs ſewed together, the two ends of 
li which are joined by a buckle; in this manner the 
it leather ring is drawn into length, and at one of its 
1 extremities embraces the end of the ſplinter- bar, 
bl. and the other at the middle of the bar. | 
if Fig. 15. One of the ends of the ſplinter-bar is 
\4 repreſented by the letters A A; of the two mould- 
ings, which are there, that which- is moſt at the 
extremity of the ſplinter-bar has been ſhaped to 
8 angles, that the end of the ſplinter-bar may be 
1 the leſs diminiſhed, becauſe of the ſubjection which 
it J am going to mention; there are 4 of them larg 
1 and 4 ſmall, to give a greater ſeat to the ſides of 
the ferril, which ſhall be fitted to it z the figure 
that has been given to this moulding muſt be in- 
ſcribed in the end of the ſplinter-bar, which bears 
the leather rings of the bar, that it thay enter inte 
the iron ring O. 
This moulding being thus 8e 6ctangular, has 
two of its great ſides placed vertically, one to- 
wards the coach, and the other towards'the horſes; 
the two othets are placed horizontally, one above 
and the other below; it is furniſhed with a ſort of 
iron ferril B, which is alſo octangular. _ 
From the face of this ferril, which is-toward'the 
coach, there 'comes out perpendicularly an iron 
pin D, about an inch and ? long. The extremity 
of this pin D is rounded like a pivot, that it may 
enter into a round hole at the extremity L, of the 
piece of iron LK, which J call the traverſe, and 
be rivetted in ſuchia manner into it, that this tra- 
verſe, which is perpendicular to the 222 D, may 


move circularly in it. | 
ö f The 
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The traverſe LK about 4 inches long, and 10 
lines broad in the place where it is moſt ſo, has 
toward the extremity K a hole M, which pierces 
thro?, to let the bit of iron paſs when it is preſſed 
upon it. d confer 14 5 
The piece of iron F, which is an inch and 5 
high, is raiſed perpendicularly upon a pin E, 
which being parallel to that which is mark'd D, 
riſes from the middle of one of the vertical faces 
of the ſort of ferril C, namely from that which is 
toward the coach; the moulding to which this fer- 
ril belongs, has been made quadrangular; ſo that 
two of its faces are vertical, and two horizontal, 

and the ferril C is circumſerihed to the part of the 
ſplinter- bar, between the 2 mouldings. 

Acroſs the two upper horizontal faces B and C 
of the two ferrils, as well as of the oppoſite faces, 
and acroſs the ſplinter- bar, paſs two ſkrews, which 
have their heads marked 3 and 4, and enter into 
the lower horizontal faces, which are oppoſite to 
B and C, to fix the two ferrils B and C to the ſplin- 
ter- bar AA. Ws 

The thong -PQRSTVXY 1s the leather ring 
of the bar, it embraces at one of its ends that part 
of the ſplinter-bar, which is between the two fer- 
xils B and C, becauſe the extremity PQ is ſew 
to the under part; it is ſlit in the middle of the 
ſpace between the two ferrils, to receive in its 
thickneſs the iron ring O; this ring embraces the 
ſplinter- bar in this place, and has a pin or tongue 
8, which is perpendicular to it, and enters into the 
hole Z, marked toward the extremity XX of the 

leather ring of the bar. 
When the tongue 8 is entered into the hole Z 
of the leather ring, if you paſs the bar into the 
leather ring at the place IV, you will make the 
ring O turn, and the tongue 8 will come before; 
TE 1 it 


— 
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it is to hinder it from coming before, that we 
ſhall lower the traverſe LK upon the pin E, and 
make the double key H enter into the hole G, 
which goes thro? the piece F; but as the dirt might 
fall between the plates of the key H, and hinder 
it from being drawn back, there is faſtened upon 
the traverſe LK the box N, the entrance of which 
will be ſhut by the head of the key when it is put 
in, ſo that nothing can get into the box. 
We fee by the conſtruction of the machine, 
that the horſes which draw the bars, make a con- 
tinual effort to raiſe with the tongue 8 the traverſe 
LK, which cannot get looſe from the piece F, 
becauſe of the key H which paſſes through it. 
The other bar is faſtened in like manner, at the 
other end of the ſplinter- bar. ö 
There remains nothing now but to ſhew how 
we may draw all at once, in the ſame inſtant, the 
key H, and that which is at the other end of the 
ſplinter- bar. DP ED 
To do this we take a leather ſtrap or thong ſlit 
in one part of its length, one of the ends of which 
paſſes over one pulley, and the other over another; 
| theſe two pulleys are placed horizontally, and are 
in a double block, the gudgeon of which enters 
perpendicularly into the middle of the length of 
the ſplinter-bar, and into the face which is toward 
the coach. 27 3 
The two ends [ of this ſtrap, after having paſſed 
over the pulleys, embrace the rings 6, which are 
behind the heads of the keys, and there theſe two 
ends, or theſe two parts of the lit end of the ſtrap 
are ſewed together; the other end of the ſtrap, 
which has not been ſlit, paſſes under the foot-board 
and thro? the axle-tree of the little wheels, and is 


faſtened to a filk cord, which enters the coach at a 
| hole 


oy 
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hole made in the middle of the fore-part, like 
that thro* which the ſtring paſſes, to give the 
coachman notice when to ſtop. 

It is eaſy to ſee, that if the perſon in the coach 
pulls the ſtring, whilſt the coach is going on, he 
will diſengage the pins H from the holes G, that 
at the ſame time the tongues P will raiſe the tra- 
_ verſes LK; that the end of the leather ring XY will 
come off from the tongue 8, and conſequently that 
the bars will be no longer faſtened to the ſplin- 
ter- bar; and as the bars are no longer faſtened, - 
the coach can no longer be drawn by the horſes, 
becauſe they are only faſtened by this part ; ha- 
ving ſubſtituted a ſpring inſtead of the little ſtrap, 
to hold the great leather rings engaged in the iron 
hook, placed at the end of the pole ; theſe leather 
rings lower this ſpring, when the horſes . continue 
to go on, and the bars are no longer faſtened ro 
the ſplinter-bar, which T ſhall explain more at 
length, when I ſpeak of the other advantages of 
this ſpring. 

The convenience of this mockingd is, that it may 
very eaſily be taken off from one coach and put 
upon another; for you need only undo the two 
ſkrews 3 and 4, and to unſew and ſew again the 
two ſtraps which hold to the two keys, becauſe I 
ſuppoſe that care will be taken, before the two 
mouldings at the two ends of the ſplinter- bar are 
made angular, as I have obſerved, to faſten a 
double pulley to the middle of the ſplinter-bar, 
and to make a hole thro? the axle-tree of the little 
wheels of all the coaches, to which we would have 
the machine applied, and they will ſerve as uſual, 
when the machine 1s not on, becauſe we may paſs 
into the holes of the ſplinter-bar, where the two 
{krews 3 and 4 enter, the pins of a cramp, which 
ſhall be furrowed at the end, to ſkrew nuts upon 

them 
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them to hold the cramp faſt to the ſplinter-bar, 


and by this means hinder the leather rings of the 


bar, from ſlipping off the end of the ſplinter- bar, 
as is done to all coaches. „„ „5 
It is not enough to ſhew the way to prevent ac- 
cidents, when two horſes run away, but we muſt 
alſo prevent them, when there are 4, with a poſ- 
tillion or without one, and when there are 6, and 
when the poſtillion has been thrown under the horſe 
that he rode upon, or when he cannot govern the 
horles. *** . 
WMben there are four horſes to a coach, the two 
before are faſtened either with traces, to the wheel 


| horſes, or to two bars faſtened to a ſplinter- bar by 


two leather rings, like thoſe next the coach; 


this ſplinter-bar, to which the two fore-horſes are 
faſtened, is encompaſſed in the middle part by 
a leather ring, in which their paſſes another, where 


the end of the pole enters, which has a hole to re- 
ceive an iron pin, which is faſtened to the end of 
the hook, with a little ſlip of leather, and againſt 
this pin the leather ring reſts into which the pole 


enters; in this mannner the fore-horſes draw the 


coach by the end of the pole, but when inſtead 
of four horſes they put 6, they only faſten the two 
firſt, to the two ſecond with traces; and ſo the 
four firſt are faſtened to the coach only by the end 
of the pole. | 

In order therefore to hinder the accidents which 
might happen, if four or ſix horſes were to run 


away, we muſt find a way to detach all at once 


the leather ring, which is faſtened to the end of 
the pole, which the machine I am going to de- 
{cribe will do, after having ſaid that the wheel 


| horſes have each of them faſtened to the breaſt lea- 


ther of their harneſs a great long leather ring, in 
which 


3 
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which another leather ring 1s received, in which 
the end of the pole enters que to the bot- 
tom of the hook. 

Fig. 16, the end of the pole is repreſented 
by AB, and CDE repreſents the hook which 
is applied to it, and differs from the common 
ones only in that the end E is flatted, having 
a flit KF in its thickneſs, and pierced quite 
thro* with a ſquare hole G. 

In this flit KF between the extremity FK 
of a piece of iron EKL, which turns upon a 
hinge in the piece of iron MNO, this piece 
enters perpendicularly into the pole almoſt to 
the middle, becauſe the plate of the hook, and 
the pole are perforated with a hole QR rounded 
at the two ends, of which the breadth is equal to 
the diameter of the pin MNO at the bottom, and 
the length to the quantity with which the = 
NMNO enters the pole; it is againſt this 
that the ring reſts, which holds the ſplinter- bar — 
which the fore-horſes are faſtened. 

Therefore to detach the fore-horſes from the 
end of the pole, we need only faſten the piece of 
iron LKF to the end of the hook E, ſo that it 
may eaſily undo: this may be done by means of 
a ſpring ST, of which the end S is held faſt to 
the plate of the hook by the ſquare rivet V, and 
the other end T, which is of the breadth of the 
end of the book E is perforated by a long 
lit, in which there paſſes a ring H, which 
holds to the extremity of a ſquare iron pin, which 
Nock. thro' the 2 thickneſſes of the end of the 
ook, and of the part FK of the piece FKL, and 
fills the {quare hole G. 

The iron pin HG is inſtead of the flip of lea- 
ther which holds to the end of the hook the iron 


pin which paſſes. into the end of the pole. An- 
other 
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and alſo diſengaging at the ſame time the pin 
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other ring I is engaged in the ring H, or a little 
flip is tied in a knot to it, that when the ſpring ST 
is lowered, it may make the pin HG come out 
T 1 Er. 
T have ſaid there were two leather rings in 
which the end of the pole went quite to the bot- 
tom of the hook, that is, they occupy the place 
SP; but as the end of the pole cannot be made to 
go into theſe rings without lowering the ſpting ; 
ſo they cannot get out without lowering. it, 


HG, which no longer retaining the piece FKLGO 
in the end of the hook; it will be carried away by 


the leather ring which reſts againſt it, and the. 


fore-horſes will go away with the ſplinter- bar. 
We ſee by this conſtruction, that if by the firſt 
machine we detach the 2 horſes from the pole, 
they cannot go forward without lowering the 
ſpring ST, and at the ſame time detaching the 
ſplinter-bar from the end of the pole, and conſe- 
quently the horſes which are faſtened to it. 


VII. A compariſon of the obſervations of the 
eclipſe of the moon, Jan. 23, 1712, in the 
evening, made at Nuremberg, by M. J. P. 

Wurſelbaur, and at Paris, at the royal ob- 
ſervatery by Meſj. de la Hire®, ” 


We are not to expect ſo great an exatneſs 
from the compariſon of theſe obſervations, as 
from thoſe of the eclipſes of the ſatellites of Ju- 
piter. And yet we ought not to neglect them, 
ſince we may obtain from them conſiderable ad- 
vantages to geography, when we have not an op- 


portunity of obſerving thoſe of the ſatellites; and 
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eſpecially with regard to places that are very di- 
ſtant from each other; and if uſe had been for- 
merly made df thoſe which were obſerved, there 
would not have been ſuch defective maps made 
as thoſe which were publiſhed before the academy 
began to make uſe of the ſatellites of Jupiter for 
the determination of the longitudes. > 

We have drawn the following table from the 
obſervations of M. ner * 


At Nerenberg: Þ * Phaſes.- | | "At W k 
= H 8 fl / H 
728 40-12 0 |6 5% 37 50 
7 32 19] 139 |6 58 5033 29 
7 50 40 | 3. ref 1 7.:25: 20-436 29! 
8 53 35 2 20 8 17 35 [ 36 o. 
85655] 2 © [8 18 19 38 36 
9 251 [. 1.30 8 30 2032 37 
9 18 10] ene 
Paſjgs of the Pater tbro the ſpot. 
* I 1 | 1 
7 31 35 Herddlides a. Io 8| 32 39” 
7 38 10 | Plato | 7 4 50] 33 20 
8 49 10 Helicon | 8 16 1001" oe 
8 53 35 | Harpalus | 8 16 10 | 37 25 
8 1 55 © Plato | 8 24 15 | 34 49." 
The magnitude of the eclipſe 
At Nuremberg N Paris 
3 digits, 42. 5 3 digits, 40. 


3 


Taking a mean between theſe —— we 
ſhall have for the difference of the meridians be- 
tweeen Nuremberg and Paris 34 4, which is 
pretty nearly as I determined it in my tables. 


Vorl. IV. Ne, 41. 
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II. The bijtory of ihe oh 7 Ametican 
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II. A obſervation. E. the 1 | 


In the MEMOIRS. 


I, Meteoralogical obſervations made at the royal 
obſervatory, by M. de la Hire. 

II. Reflections on ſome new obſervations of the flu 
and rejiux of the ſea, made at the port of Breſt, 
in the year 1712, by M. Caſſini, 

Uu the height of the atmoſphere, 2 M. de h 

Ire. 

IV. Of the figure of the earth, by M. Caſlini. 

V. Experiments and. reflettions on the prodigious 
ductility of ſeveral ſubſi ances, by M. de Reau- 
mur. 
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VII. 
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I'm A deſcription of a portable machine, proper 


to ſap art the glaſſes of very great facy, pre- 
ſenteu to the utadeny by NM I, Hanchint Ey M. 
de Reaumur. 


VIII. A biſtory "of an 1 . Ls 
AJ. Imbert. Witt. os | 


xx, We Ns; 


AN 


ABRIDGMEN NT 


OF THE nt Bees 


7 
PurzosoruIC AL DiscovzRIES and OB- 
SERVATIONS in the HISTORY of the 
ROYAL. ACADEMY of SCIENCES 8 
Paris, for the year 1713. 


I. Experiments on ſea- coal. 


Deſlandes being in England, made with 

the ſea- coal that is burned there, two ex- 

periments which he believes have eſcaped the 
Engliſh. 

Exp. 1. Having beaten ſome coal, he put 
about half an ounce of it into a olaſs of water, 
which became quite black. He left the glaſs ex- 
poſed to the air all night upon the window, it was 
in winter, and the next day he found that the 
water which was frozen, was of a reddiſh colour. 
To give this colour to the water, the froſt muſt 
have diſengaged the ſulphurs of the coal, though 
this action does not ſeem very well to agree 
with it. = 

Exp. 2. Some of the aſhes of this coal infoſed i in 
brandy, and mixed with ſteel filings, makes a 
black tincture, which clears as it heats. When 
it begins to boil, it takes a ſofter colour than the 
common iron-grey. M. Dæſlandes dyed ſome wool 
with this agreeable tincture, and no artiſt could 
imitate it. 8 


7 
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II. The hiftory of the carcajou,, an Ame- 


rican animal. 


M. Sarrafi 7, the king's phyſician at Canada, and 
a correſpondent of the academy, from whom we 
have ſeen a very curious and exact hiſtory of the 
caſtor or beaver in the memoirs of 1704*, has 
alſo ſent ſuch another of the carcajou, of which 
we here give an abridgment. . 

The carcajou is a carnivorous animal, which 
inhabits the coldeſt parts of North. America. It 
commonly weighs from 25 to 7 . It is about 
2 feet from the end of the ſnout to the tail which 
is about 8 inches long. Its head is very ſhort, 
and thick, in proportion to the reſt of its body, 
the eyes very ſmall, the jaws very ſtrong, and 
furniſhed with 32 ſharp teeth; notwithſtanding 
it is ſmall, it is very ſtrong and furious, 

and tho? carnivorous, it is ſo ſlow, and ſo heavy, 
that it crawls * the ſnow rather than walks 
upon it. 
As it walks, it can catch, no other animal than 
the beaver which is as flow as its ſelf, and that 
muſt be. in ſummer when the beaver is out of its 
cabbin. But in the winter it can only break and 
deſtroy the cabbin, and ſurprize the beaver, 
which but very ſeldom ſucceeds, becauſe the bea- 
ver has its ſure retreat under the ice. However, 
as the beaver, even in winter goes into the woods 
to ſeek for freſh proviſions, which he likes bet- 
ter than ftale, the — may attack him 
ure, 
The chaſe which is moſt ſucceſsful to him is 
that of the elk, and Caribou, or Canada ſtag. 
Theelk chuſes in winter a place where there grows 
a quantity of Anagyris fetida, or n bean 


* Vol. II. pag. 181. of this abridgment. 
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trefoil, becauſe it feeds upon it, and when the 
ground is covered 5 or 6 feet with ſnow, he 
makes roads in' theſe places which he never quits, 
unleſs he is purſued by the hunters. The carcajou 
having obſerved the elk's road, climbs up into a2 
tree near which he muſt paſs, and from thence 
leaps upon him, and cuts his throat in a moment. 
In vain does the elk lie upon the ground, or rub 
himſelf againſt the trees, for nothing will make 
the carcajou let go his hold, and the hunters have 
ſometimes found pieces of his ſkin as large as one's 
hand, which have ftuck to the tree againſt which 
the elk had rubbed himſelf. 
The caribou is a ſort of ſtag. It i is very light, 
and runs upon the ſnow almoft as faſt as upon the 
round, becauſe his nails which are very broad, 
and furniſhed with rough hairs in their intervals, 
Hinder him from ſinking, - and ſerve him inſtead of 
the raquette F of the ſavages. When it inhabits 
the thick woods, 1t makes roads in winter hke the 
elk, and is in the ſame manner attacked there by 
the carcafou. But when it is in open places, 
where it has not need of making roads, and 
where it goes indifferently on all ſides, the carca- 
jou which might wait too long without ſucceſs, is 
not abcuſtomed to looſe his time, and does not 
chaſe the caribou but in thick places; ſo ingenious 


is his ardor for his prey. 


III. Z. objervati on on the areometer,.. 


As F. Feuille“ a minim, correſpondent of the 
academy, tcad to it the relation of a voyage 
which he had juſt made into Sou. America, ard 


+ A ſort of broad ſhoes which the farages w wear to keep 
* feet from linking into the ſnow. 1855 | 


as 
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as he ſpoke of the obſervations which he had 
made with the areometer with the weight of the 
 ſea-water, in different places, it was ghbyeced 0 
him, that in a warmer climate the glaſs of the 
areometer muſt dilate, and conſequently occupies 
more ſpace in the water that is weighed, and. 
makes it appear leſs heavy than it really is. But- 
M. Caſſini anſwered, that the water itſelf was alſo 
= dilated by the heat, and actually weighed 
els, | 
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AN 


ABRIDGMENT 


OF THE 


1 MrmMoirs of the Royar 
ACADEMY of SCIENCES. at Paris, for 
the Year 1713. FM | 


I. Meteorologs cal obſervations made at the 


royal obſervatory, by M. de la Hire *. 


© HESE are the obſervations 1 the quan- 


tity of rain- water, and melted-ſnow, with 
the changes of the weather marked by the ther- 


mometer and barometer, during all the laſt year 


1712. All theſe obſervations have been made as 
in the preceding years, in the ſame place, and 


with the ſame inſtrument. The height of water 


fallen! in. 
ow” © BM Lin. 
Jan. 20 July — — 
Feb. 845 + "a. 3 
March 834 Sept. 39 8 
April ar 3 Oct. 45 $3 
May 1223 em. 16 
June 23 5 Dec. 8 2 5 


The ſum of the height of water for the whole 
year, 254 lines 3, or 21 inches, 2 lines 4, which 
is more than the mean years, which we have de- 


termined at 19 inches. 
My thermometer was at the loweſt the laſt 


day of the year, and marked 24 4 of its parts 
pretty near the ſame as the 8th of Jan. which 


* Jan. 7, 1713. 


ſhews, 
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| cod that the cold has not been great, for it 
oſten falls to 14, and in the mean ſtate it is at 48, 
as in the bottom of the caves of the obſervatory, 
where it always remains at the ſame point. 

This thermometer was at the higheſt at 64 
parts the 16th of Auguſt; but as that was at ſun- 
riſing, the time when I always make theſe obſer- 
vations, and as in the greateſt heat of the day, 
which is towards 2 in the afternoon, it roſe above 
the ſtate it was at in the morning 12 parts, It 
muſt be conſidered as' 56 for the greateſt heat, 
and conſequently the difference marked between 
the greateſt cold, and the greateſt heat will be 
32 parts, the half of which is 26, which being 
added to 24, makes 50, which is not far from 
48; by which we know, that the cold has been 
very near as much below the mean ſtate, as the 
heat has been above it. 

My common barometer was at the higheſt at 
28 inches, 4 lines, 3, the roth of Feb. as about 
that time it was always very high. The heavens 
were then pretty ſerene, and very little north 
winds ; and J obſerved alfo, that whenever this 
barometer was higher than 28 inches, which hap- 
pened pretty often in the year, the wind was to- 
wards the north and ealt, and ſometimes with fogs: I 
have another barometer where the quickſilver is 
always 3 lines higher than in that with which TI 
commonly obſerve. This common barometef 
was at the loweſt once only, the 6th of Nov. at 
26 inches, 10 lines, 3, the ſky being ſerene with 
a moderate eaſt- wind; but the quickſilver pre- 


ſently roſe again, and the wind turned toward the | 
weſt and ſouth-weſt ; the difference between the 


greateſt and leaſt. height of this dnnn Was 1 
inch, 6 lines, as uſual, 
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which is there felt. 
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There was nothing remarkable in the winds: of 
this year ; but I obſerved in general, that in this 


country, every time the weſt and ſouth-weſt wind 


prevailed for ſome time, the heavens were cloudy 
foward the evening, and at the beginning of the 
night; and that toward the morning it was ſe- 
rene. I think the reaſon of it is plain enough; 
for in the afternoon, the ſun falling almoſt perpen- 
dicularly upon the ſeas, which are to the weſt of 
us, raiſes a great many vapours from them, which 
are afterwards brought to us about the beginning 
of the night ; on the contrary, there ariſe but few 
vapours from theſe ſeas in the night time, and the 
wind continuing the ſame, the ſky mult be pretty 


clear toward the morning. 


#| 


Remarks. . 
It generally happens that thoſe which have been 


vounded in any part of the body feel pains there 


every time the weather is diſpoſed to change. I 
think it may be accounted for in this manner: 
the texture of the affected part mult be very fine, 
inſomuch that it cannot be touched without feeling 
of pain; and in the change of the weather, the 
air becoming either lighter or heavier, makes an 
extraordinary impreſſion upon theſe parts, either 
by compreſſing or extending them, as if they 
were touched by-it, which may cauſe the pain 


— * 


„ declination of the needle. © 
Me found the declination of the. needle to be 


11 degrees, 15 minutes, Dec. 30. This obſervation 


was made with the needle of 8 inches long, which 
we commonly uſe, and in the fame place as in 
the preceding years, which is a thick pillar. placed 


at the end of the terraſs of the obſervatory toward 
the 
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the ſouth. - The ſide of the box of the compaſs is 
applied againſt one of the faces of this pillar; and 
it has been for a long time confirmed, that this 


face was exactly turned toward the weſt, by 


putting a thick rule againſt it which bears two 
ſights at its extremities, to ſee if the rays of the 
ſun, which paſs through theſe ſights, agree 
with the true noon marked by the great pen- 
dulum clocks regulated by the. ſun, which was 
found very juſt; for this building had been 
placed with a great deal _ care and. en 
by the late M. Picard. | 5 
We obſerved alſo at the * time, the 
declination of the loadſtone with another needle 


of only 4 inches long, and found it the ſame 


with that of 8 . 


II. . ections on ſome obſervations of the fax 
reflux of the fea, made at the port of 
Breſt in the year 171%; by M. Caſſini“. 


Shs the royal academy of ſciences has under 
taken to examine the phænomena of the flux and 
reflux of the ſea, we have received a great number 
of obſervations made in ſeveral parts of France, 
which have ſerved to find new rules, as well 
to eſtabliſh the time of the tides in each of theſe 
ports, as to determine their different heights : the 
greateſt part of theſe obſervations ſeem to prove 
that there is a great relation between the mo- 
tions of the moon, and thoſe of the tides, ſince 


not only the great and ſmall tides follow pretty 


exactly the ſeveral phaſes of the moon, but even 
the different heights which are there obſerved z are 
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proportion to the ſevoral diſtances of the moon 

rom the earth. 
But as we might ſuſpect thattheſe various effects 
had been produced by — unknown cauſe, which 
had concurred at the fame time with the motions 
of the moon by a fort of chance; twas neceſſary to 
braffured of it by a greater number of obſervations, 

We have had the opportunity of making them 

a new journal of obſervations of = flux 
and reflux 'of the ſea madeat Breſt, which begins 
the iſt of February 1712, where the firit ended, 

and has been continued to the r2th of Fuly of the 
fame year. 

In this interval of time there have been ſix new 
and five full moons, the tides of which have been 
obſerved; that which happened the earlieſt was 
obſerved the 6th of February at 3" 9 in the morn- 
ing; and that which happened the lateit was ob- 
ſerved April the 6th at 4" 12/4 PM. with an 
hour, and three minutes difference from one to 
the other. 

However if we ſuppole the mean time of the 
high | tide at Bre in the new and full moons to be 

3 45. the ſame that was determined in the pre- 
ceding memoir, and make uſe of the com- 
mon equation of two minutes, for each hour, that 
the mean time of the high water is faſter or 
Nower, with regard to that of the new or full 
moon, we ſhall find that the high tide ought to 
have happened February 6th, the day of the great- 
eſt acceleration at 3 7/4 in the morning, within 
about 1 = minute of what was obſerved; and that 
April - 6th, the day of the greateſt retardation, 
the high tide oughtto have happened at 4" 1 5/with- 
in about 2 £ minutes of what was obſerved. 

The other obſervations which are to the num- 
ber of 15, agree for the moſt part to the calau- 

lation 
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lation within a.few minutes, and the fartheſt diſ. 


tant are only 14 minutes from it, which is an-ex- 
actneſs to which we could not hope to have arrived 
if we conſider that it is oſten difficult to be aſ- 
ſured within a quarter, or even almoſt half D dour 
of the high-water. - 

With regard to the time of low-water, abe 
in the ſame. phaſes of the oõοn, we find. that it 
agrees alſo pretty exactly to the calculation, with 
this difference only, that the ſea takes up ſome 
minutes more in falling than in riſing, as we have 
already obſerved. This difference may riſe at 
Breſt to about a quarter of an hour in the new and 
full moons, and to half an hour in the quadratures; 
and this rule is ſo generally obſerved, that af 


all the obſervations that we have examined for a- 


bove the ſpace of a year, there are only four or 
five which are not conformable to it. 

As tothe time of the bigh-waterobſerved ode 
quadratures, it is ſubject to more irregularites than 
in the new and full moons. 

The high-water which happened the ;carkeſt, 
was obſerved the 29th of . March at $" 8/ in the 
morning, and that which happened the lateſt was 
obſerved the 28th of Ape il at 10" 11! at night, 
with a difference from one to the other of 2” 
3. But theſe differences are partly corrected, by 
ſuppoſing the mean time of the high water at 
Breſt in the quadratures at 8" 3%, the fame that 
was determined in the preceding memoir, and 
making, uſe of the common equation of 2 4 mi- 
nutes for each hour, that the mean time of the 
high water is faſter or flower with regard to the 
time of the quadratures. For we ſhall find that 
the high tide ought to have happened the 29th of 
March, the day of the greateſt a acceleration at 8* 
34 in the morning, within about 26 minutes af 
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what was obſerved, and that the 28th of April, 
the day of the greateſt retardation, the high tide 
ought to have happened at 9g® 46“ at night, within 
about 23 minutes of the obſervation. © + 
We have obſerved in the preceding memoirs, 
that the retardation of the tides is greater toward 
the quadratures, than toward the new and full 
moons. This is conformable to our obſervations, 
and ſeems ſurpriſing when we conſider, that in 
the new and full moons, the ſea riſes ſometimes at 
Breſt, to the height of 21 feer, whereas in the qua- 
dratures it ſometimes riſes only 4 or five feet, and 
ſeldom to 11 feet. | | 
However if we ſuppoſe that the motion of the 
tides is made by a ſort of impulſe, as we have 
great reaſon to imagine; we find that experience 
may agree with reaſon ; for the preſſure of the air 
upon the ſea, may be ſuch as not only to make the 
fea riſe to a greater degree of height in the new and 
full moonsthan 1n the quadratures, but alſo to make 
it arriveto this greater height with more velocity. 
With regard to the time of the greateſt tides in 
each lunation, we find that it happens the moſt of- 
ten at Breſt a day after the new or full moon, as 
the ſmalleſt tides happen alſo a day after the qua- 
dratures. We have obſerved at Dunkirk and Havre 
de Grace, that the great and {mall tides there, ge- 
nerally happen two days after thefe phaſes of the 
moon, ſo that it ſeems that the preſſure which is 
made upon rhe ſea in the new and full moons, and 
in the quadratures is communicated ſooner at Breſt 
than at Havre de Grace and Dunkirk, which ap- 
pears conformable to reaſon ; the weſtern extre- 
mity of Bretagne, where Breſt is ſituated, being 
much more advanced toward the ocean where the 
preſſure is made, than the ports of Dunkirk and 
Havre, which are both in the Engliſh channel. 


3 We 
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We have remarked already that the various 
heights which we abſerve in the tides, follow 
pretty exactly the various diſtances of the moon 
from the earth; that when the moon at the time 
of new or full, is near its perigeum, the tide is 
greater than in the next ſyzygia, where it is near 
its apog eum, this is confirmed by theſe. laſt obſer- 
vations; for the 4th of June 1712, the day of the 
new moon, this planet was near its apogeum, its 
diſtance from the earth being 1064 parts, the mean 


of which is 1000. Beſides they obſerved that day, 


which was the day of the greateſt tide, the height 
of the full ſea to be 16 feet 2 inches, above a fixed 
point, which they had taken for the bound of the 
meaſures, and that of low-water 2 feet o inches, 
which gives the quantity of the elevation of the 
tide 14 feet 2 inches. The 19th of June the day 
after the full moon, this planet was near its peri- 
geum, its diſtance from the earth being 935 parts, 
the mean of which is 1000. They alſo obſerved 
the 21ſt of June, the day of the greateſt tide, the 
height of the full ſea to be 18 feet 4 inches, above 
the fixed point; and the height of the low-· water 10 
inches below this point, which gives the eleva- 


tion of the tide 19 feet, 2 inches, greater by 5 


feet, than in the preceding obſervation, when the 
moon was near its apogeum. 

Tho? all theſe obſervations agree in proving 
that the various diſtances of the moon from the 
earth contribute very much to the various eleva- 
tions that are obſerved in the tides z we do not 
pretend that they are the ſole cauſe of all the va- 
riations that are there obſerved; and it even ap- 
pears, that there are other cauſes which may 
concur in making the height of the tides increaſe 
or diminiſn. We do not here ſpeak of thoſe ac- 
cidæntal cauſes, which it would be difficult to 
wo give 
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give rules to; as for example; of the foree'-and 
ſituation of the winds; of the different direction 
of the ſea · coaſt, which not only may acgelerate 
or retard the time of the titles, bue may alſo 


cauſe different elevations toit. But we only un- 
dertake to determine this which have ſome regu- 
lar period. Lene J ant vil 5aftina 
Now in bing all the obſervaconetwhich 
have been made from the th of Feb. 1712, to 
the 12th of July of the ſame year, we find that 
the higheſt tide happened dhe 24th of March at 
night, and the 25th in the morning when the ſea 
roſe to tlie height of x9 feet, 1 inch. The low- 
water was obſerved the 24th in the morning, 1 
foot, 6 inches, below the fixed point, ſo that the 
elevation of the fea was, the 24th of Marab, 20 
feet, 7 inches. The moon was then nearer its 
perigeum than its apogenm; its diſtance from the 
earth being 977 parts, the mean of which is 1000; 
but we cannot attribute the whole of this eleva- 
tion of the tide to the proximity of tlie moon With 
regard to the earth, ſince the height of the tide 
was obſerved the 24th of March, greater by 
foot, 5 inches; than June 215 the time when the 
moon was much neareſt its perigeum; it appears 
therefore that there was in the month of Marr, 
ſome other cauſe which contributed to the eleva- 
tion of the tide; and as this obſervation was made 
near the vernal equinox, which happened the 
20th, at 11 19! PM. and that of uns 217, near 

che ſummer ſolſtice which happened at 11 17 in 
the morning: this has given us room to conjecture 
That all things being equal, the tides are n in 
the equinoxes than in the ſolſtice. 

In the next new moon which happened on the 


6th of April, the moon was nearer its * 
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than ita perigrum: its diſtance from the earth 
being 1032, of which the mean is 1000 and 


April the yth in the morning, they obſerved the 


full ſea to be 18 feet, 2 ö and that of the 


low-water to be 5 inches, which gives the eleva- 
tion of the ſea for thar day 17 feet, 7 inches, 
ſmaller by three feet than the 24th of March. 
And it ought to be ſo for two renſons ; one of 


which is, that the moon was farther diſtant from 


the earth the yth of April, than the 24th of 


March, and the other that it was ahn * 
from the equinoctial. 

Theſe obſervations are ne by theſe 
which were made at Breſt the — year. 
For the 3oth of June, 1711, the diſtance of the 
moon from the earth — 960, the elevation of 
the tide was obſerved the iſt of Fuſy to be 18 


feet, 1 inch, leis by 2 feet, 10 inches, than the 
14th. of Sept. near the equinox, when it was ob- 
ad to be 20 feet, 11 inches, the diſtance of 
the moon from the earth being the 12th of Sept. 


the day of the new moon 969, that is, very little 
different from that of the 3oth of une. 

It appears therefore by theſe obſervations, that 
the different heights chat are obſerved in the tides, 
depend upon two cauſes, whereof the principal, 
which hitherto is moſt confirmed by our obſerva- 


tions, is the various diſtance of the moon from 


the earth; the ſecond is its proximity or diſtance 
from the equinoctial; and that. the combination 
of theſe two cauſes produces the chief phenomena 
which we obſerve in the height of the tides. 
Ic follows from hence, iſt, That when the new 
or full moon meets in its perigeum, and at the 
ſame time in the equinoxes, then the tide wh'ch 
immediately follows, is the higheſt that is poſſible. 


2d. That when the new and full moon meet. 


Vor. IV. No. 41. M m in 
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in the equinoxes, towards the mean diſtances, then 
he height of the tides is greater than in the new 
or full moons, which happen toward the mean diſ- 
: tances, and near the ſaiſi cas. | 
zd. That when the new or full moon meets in 
itsapogeum, and at the ſame time in the fo/ftices, 
then the high water is the loweſt that is poſſible. 
The two firſt rules agree with that which we have 
hereabove marked, and. the laſt is confirmed by 
the obſervation of the-4th of June 1712, for the 
moon being then near its ap ges, and the fum- 
mer ſolſtice, the height of the full ſea was obſer- 
ved to be 16 feet, 2 inches, and that of the low- 
water 2 feet, o inches, which gives the elevation 
of the tide 14 feet 2 inches, which is the leaſt chat 
has been obſerved at the new and full moons in a- 
bove a year. The 5th of July following the ſun 
was at equal — from the /o/ſtice, but the dif- 
tance of the moon from the earth was 106 1 a lit- 
tle leſs than the 4th of Zane; which ought to have 
. cauſed a greater elevation in the tide, as in effect 
vas obſerved. For the gͥth of July in the morn- 
ing, the height of the full ſea was abſrrved 16 
feet 3 — and that of the low· water, 1 foot 8 
inches, which gives the elevation of the tide 14 feet 
7 inches, greater by 5 inches than the 4th of June. 
As to the ſmall. Lien which follow the quadra- 
— they obſerve the ſame that we have done in 
the preceding memoirs, that their various elevations 
depend partly, upon the various diſtance of the 
moon from the earth. For example, the 14th of 
February 1712, the day of the firſt quarter, the 
moon being near its apogeum, and its diſtance from 
the carth 1062, the height of the full fea was ob- 
: ſerved the -1:5th of February at night, 10 feet 
inches 6, and the height of the low- water 5 feet 
2 indie, ſo. that the elevation of the ride 
| that 


that 4 was 5 5 feet 5 inckes 6. The 
twenty-ninth of February following, the day 
of the third quarter, the” moon being near 
its perigeum, and its diſtance from the eat ih 975, 
they obſerved,” the 24 of March in the morning, 
the height of the full ſea, 11 feet 9 inches, greater 
— 11 inches 6 lines than the 15th of Febraary: 
The 15th of March, the day of the firſt quarter, 
the t moon being near its apogeum, and its diſtance 
from the earth 1063, the height of the full ſea was 
obſerved the 16th of March in the morning ro 
feet 10 inches, and the height of the low- water 6 
feet 4 inches; ſo that the elevation of the ſea that 
day, was only 4 feet 6 inches, a little leſs than the 
15th of February, which ought to happen, the 
moon being then a little nearer the W than 1 in 
the preceding obſervation of the month. - 

In the quadratures' which happened when the 
moon was almoſt ar equal diſtance from the earth, 
they obſerved almoſt the ſame height in the cleva- 
tion of the tides. For the 12th of Func, the day 
of the firſt quarter, the diſtance of the moon from 
the earth being 1020, they obſerved that 12 in 
the morning, which was the day of the ſmalleſt 
tide, the height of the fall ſea 12 feet ꝙ inches; 
and that of the low-water 3 feet 5 inches, ſo that 
the elevation of the ſea, was that day 9 feet, 4 inches. 
The 255th of June following, the day of the 
laſt quarter, the moon's diſtance from the earth 
bam, 1028, they obſerved the 28th in the morn- 

ing, the height of the full ſea, 12 feet Q inches 87, 

and that of the low- water, 3 feet 11 inches 4”; ſo 
that the elevation of the ſea was that day 8 feet 6 
inches 4, a little leſs than that of the 28th of Junꝭ, 
as it ought to have been obſer ved, the diſtance of 
the moon from the earth, being leſs the 13th of 
June, than the 28th. Theſe two obſervations 
Mm 2 having 
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having been made near hi 3 hoibice, e 
have compared them, with thoſe which were 
made near the equinoxes; and found that all — 
being equal, the ſmall tides which follow the qua- 
dratures, are greater near the ſaſſtices, than near 
the equinoxes; for the height of the full ſea, va 
— the 16th of March the day of the ſmal- 
leſt tide 10 fert 10 inches; the moon being ritar 
its apogeum, and the gaſt of March, 1 a 
inches, the moon. being nearer ita perigeum. Ta 
ing a mean, we ſhall have the middle height of 
the | tides, in the equinoxes at Breſt, 12 Feet, 
ſmaller :by: or $ inches, than the mean height 
drawn from the obſervations: of tho 150k and, 28h 
of June, made in the folftrces, i ot am: 
Althoꝰ this: effect ſeems: contrary . we 
obſerved in the new and full moons; the tides of 
which are greater towards the equinoxes than to- 
wards the ſolſtices ; we ſee | that it may 
depend upon the ſame cauſe; ſor the moon being 
in one of its quarters at the time of the equinox, 
runs over by its daily motion a parallel circle, a 
little diſtant from the tropicks, and the preſſure 
that it cauſes upon the ſea, being made by a ſmall 
circle, muſt be leſs felt. On the contrary the 
moon being in one of its quarters at the time of the 
ſolſtice, runs over by its daily motion, the e 
noctial, or a parallel very little diſtant from it, 
and conſequently, its preſſure upon the waters of 
the fea, which is made according to a great circle 
of the earth, muſt be aner than: when * run 
over one of the tropicks. 1} 281 368 
It appears by this that the: ſeveral heights which 
are obſerved in the tides of the equinoxes and ſol- 
ſtices, muſt not be regulated exactly by the time 
- of the equinoxes and ſolſtices, but by the greater 
or leſs declination of the * with regard — 
* 4 


— fon the fare nodes eee 
— and the moon in its laſt er; chat i. 
in the ſoutherm ſigus the height oft a muſt be 
much leſs, hen the latitude of the moo is ſouth - 
ern than when it is northern; and for the ſame rea- 
ſon; the ſun being in che ſummer ſolſtice at the 
time of the new::maon; the height of the tile 
— be much ſmaller when the 'Jarimnde-of _ 
moon'is northern, than when it is outhern,: +: 

From thefe obſervations. we wer dee cle 
evo generabtinlenct + off}. 76 Nel as ede s gt. 
Iſt, That all things beingiequal, che ridecought 
to be leg, when the moon, being in its apogeum 
and in its ſouthern ſigns, its latitude is at che fame 
time ſouthern; or elſe when the moon being in 
its apogeum, and in the northern Aga: its lati- 
tude is alſo northern 
ꝛ2d, That on the contrary, che tides moſt be 
greater, when the moon being in its prrigeuss 
runs over the —_—_— without any ecli- 
nation. 8 
It is dificult to find obſervacions that hive bk 
malle exactly, in theſe different ciroumſtances ; it 
will be ſufficient for us to obſerve that the r6th 
of June 1711, the day of the new moon, the 
diſtance of the moon from the earth being 1048, 
that is the moon being near us-apogeam, wih a 
ſouthern declination of 260 36, which is che great- 
eſt that has been found in more chan a year, the 
height of the full ſea was obſerved the 17th, to 
be 16 feet 2 inches 6, which is one 'of the fmalleſt 
that has been obſerved. The 4th of June, the 
year following, the day of the new: moon, che diſ- 
tance of the moon from the earth being 1064. and 
the northern declination of the moon 255 105 che 
height of the grrateſt tide was obſerved that day, 
16 feet 2 inches, which is the leaſt that we have 
found 
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found at Breſt, in the obſervations of the deren 
full moons. Fon 
The ſame effect is obſerved i in the rain ee 
for the ßth of September 1711, the day of tha 
laſt quarter, the moon's diſtance from the earth 
being 1061, and the northern declination. of the: 
moon 26 31, which is one of the greateſt that 
has happened from the 23d of Zune 1711, tothe 
11th of Ju 1712. The be ht of the ſmalleſt tide 
was obſerved the 6th of . — 10 feet, 3 
inches, which is the loweſt that has been obſerved 
for above a year; the height of the Iow-water was 
obſerved at night, to be 5 feet 11 inches, ſo 
that the elevation of the ſea that day was MY 4 
feet 4 inches. TT 
The 15th of March, the following year, 1712; 
the day of the laſt quarter, the diſtance of the moon 
from the earth being 1063, pretty near the ſame 
as the 5th of September, and the moon's northern 
0 25* 45% a little leſs than in the obſer- 
vation of the preceding year, the height of the 
ſmalleſt tide was obſerved the 16th' of March, 10 
feet 10 inches, a little greater than the 5th of Sep- 
tember 1711, but one of the loweſt that had been 
obſerved, the elevation of che ſea that . bring 

only 4 feet 6 inches. 
As to the great tides which ought to happen 
when the moon is in its perigeum, and runs over 
the equinoctial, we have no obſerva: ions at Breft 
that have been made in theſe circumſtances; it, will 
be ſufficient to remark, that the 12th of Septem- 
ber 1717, the diſtance of the moon from the earth 
being 969, and its declination with regard to the 
equinoctial 2 39), which is the ſmalleſt that hap- 
pened in the new ard ful] moons, from the 16th 
of June 1711, to the 11th of July 1712, the height 
of the full ſea was obſerved the 4th of September, 
18 


7 
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18 fekt 11 inches, and that of. Jow-water 2 feet 
below the fixed point, which gives the elevation 
of the tide for that day; 20 feet 11 inches, which 


is one of the greateſt, that Happened at Breſt, in in 


tha interval of time. 


We may here obſerve that. "the. difference ;be» 
tween the circles of declination from one degree to 


another, continually, increaſes by.. receding from 
the equator, and approaching to the pole ; and 
that conſequently the variation of the declination. 
of che moon, muſt produce a leſs ſenſible effect 
upon the tides near che equinoctia than cowards 
the tropicks. 

The obſervations here Ade . 1 for. 


ficiently to prove that the different declinations of 


the moon, with regard to the equinoctial, contri- 
bute to increaſe or diminiſh the heights of the 
tides, as well as the various diftances of the moon 
from the earth. Theſe two cauſes being ge- 


nerally ronipticaied, it is neceſſary in order to diſ- 


tingulln them, to have a greater number of obſer- 
vations, made in different ſituations of the moon, 
as well with l regard to the earth, as with regard to 
the equinoctial; for this reaſon we have thought 
it neceſſary to examine ſome which were made 
at Breſt in 1692: 

The journal of theſe 17 bens 6, 
1692, and ends the laſt of O#ober of the ſame year. 


They have there marked every day the height of 


the full ſea, with regard to a rock called the Roſe, 
which is at the entrance and within the port, and 
have alſo added the temperature of. the air, and 
the ſituation and force of the wind. | 

By the examination that we have made of all 
theſe obſervations, we have found, that in this 
interval of time the greateſt tide happened the 

12th 
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n2th. of September 1692, two days after the new 
moon, the ſea being that day riſen to the height of 
28 feet 7 inches. Having calculated the N 
of the — tor the time of the precedi | 
moon, which happened the roth 0 Septen pd 

6 12 PM. we found that this planet was very dear 
its perigeum, its diſtance from the earth being 936 
parts, the mean of which is 1000; the moon was 
alfo very near the cquinoRtial, its ſouthern decli- 
nation being only 3® 115 which could cauſe very : 
lirle variation in the height of the ſea. 

In the other obſervations of the tides, made at 
the new or full moons; this planet was not only 
farther diſtant from the earth, than on the 10th of 
September, but even its declination, with regard 
to the equĩinoctial, was greater; thus all the tides 
ought to be ſmaller than the 12th of September, 
which is conformable to the obſervations. | 

In the full moon following, which happenet 
the 25th of September, at 10" 54/ in the morning, 
the moon was in its apogeum, its diſtance Fom te 
earth was 1065, and its northern declination 4* 
59. The 25th they alſo obſerved the height of 
the ſea, to be 25 feet 5 inches, 3 feet 2 inches 
lower than the 12th of the ſame month. _ 

The 14 of June the ſame year, the day of the 
new moon, the diſtance of the moon from the earth 
being 993, the mean of which is 1000, and 
its northern declination being 27* 10, which is 
the higheſt that happened, they obſerved the 16th 
the height of the ſea, 25 feet 7 inches, lower 
by 1 he 5-inches, than the mean height of the 
tides, drawn from obſervations made in the month 
of September, when the moon was near the equa” 
tor. 
As to the ſmall tides obſerved at Breſt, in 
the quadratures, we find that the greateſt hap- 

3 pened 
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1 the 23d of June, two days 


| quirier;” the ſen Sei iſe chat da 


er the firſt 
sto the height 


of 2 feet £4 inches; "The moen Wis then near its 


ripe um, its is A from the earth being 9 777 it 
was allo very nea th&equiti6Qtial, its HoFrheril de- 
clination being only 30 4. 

The sch 'of the receding 5 June. vHhb/ Klic bt of 
the fea was obſerved 
3 inches than the 23d O: June, a as they ought to have 
obſery + * the moon being the th of June, the 
day o 
tance from the earth 1064. 


1 $4 77 


We ſee therefore” by theſe obfeevatiohs * at 


Breſt in 1692, as well as by thoſe that have been 
made e the. laſt years in the ſame port, that the diſ- 


tance of the moon from the earth, and its de- 
clination, with regard to the equator, contribute 
very much to the increaſe and diminution that are 


obſerved) in the heights of the tides.” 


Upon theſe principles. we have prepared 14. 


LETS! 


bles, to find at Breſt, the height of the tides, 
and full moons, as in 128 


7 
g's” 


as "well in the new a 
quadratures. 2 


For this, we pole that at Bret, in \ ths great 


tides” which follow the new or full moons, when 
the planet is in its perig zeum, and ar the fame time 
runs over the equin&hal, the height of the full ſea 


is 20 feet; and that When the moon is in its ap- 


geum, and upon the equinoctial, the height of the 
full ſea is 17 te P ect, o inches; and that when it is in its 
apogeum, and its declination with regard to the e- 
quinoctial is 289 50% which is the greateſt that 
it can have, the height of the full ſea is 15 feet, 
6 inches. We alſo ſuppoſe that in the ſmall rides 
which follow the quadratures, when the moon is 

Ferd. Na” in 


10 feet by inch; leſs by Ae 


the laſt quarter, in its apogtans, and its dif 
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in its perigeum, and runs over the ehyinottial, the- 
height of the full ſea is 14% O, that when 
this planet is in its apogeum, And upon the 
equinoctial, the height of the full fea is 12 
feet; and that when it is in its apogeum, ard 
its declination is 28 N the heig ut of Ale 
full ſea is 10 6. | 
According to theſe rules, the arne of 
the height of the full ſea cauſtd. by varicus 
diſtances of the moon from the earth in the 
new and full moons, is three feet, twice as 
great as that which is produced by the declina- 
tion of the moon with regard to the equi, 
noctial. | 
But as the difference between the diſtance of 
the moon from the earth in its apogeum, and in its 
perigeum, is ſmaller by 4 in the quadratures than 
in the new and full moons," they have ſuppoſed 
that the difference of the height. of the full fea 
cauſed by various diſtances of the moon from rhe. 
earth in the quadratures, is only two o feet, wen 
able to the obſervations. = 
In the other ſituations of the moon with regard 
to the earth; the height of the full ſea is propor- 
tionable to the various Uiſtances of the moon from 
the earth. To find the variations cauſed by the 
declination of the moon with regard to the equi- 
noctial, we have taken declinations of which the 
ſines of the complements are in arithmetical pro- 
portion, that we may be able to diſtribute equally 
the height of the tides. 
We ſhall find by the means of theſe tables, 40d 
of the following rules, the height of the great and 
ſmall tides at Breſt, as well in the new and full 
moons as in the quadratures. : | 
| Rule 


4 
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5 ; + Tp 3 FKule . 


To fade at Brel che height of the Mi tide, 
hich ought to Sappen in a given. new or full 
moon. 

- Seek by the e tables ts K of 
40 moon from the earth, and its declination with 
regard to the equinoctial; take at the top of the 
firſt table the diſtance of the moon from the earth, 
and at ihe fide its declination, and you will find 
over. en it the gh of the ror tide. . 


© 


. I. 


To find at Brep. the height of the ſmalleſt 
tide, which ought to follow ane of the quadra- 
tures. 4 

Seek by the 5 cables, the diſtance of 
the OE from the earth, and its declination 
take at che top of the ſecond table the diſtance. of 
the moon from the earth, and at its ſide its 


* * ? 


declination, the height of the tide which an- 
ſwers to theſe two figures, will be the height 
of the ſmalleſt tide which follows the 23 
gen 


Examp. 1. We ek the heigke + the 8 
tide which berpened in the new moon Otto- 
ber 1711, 

We ſhall nd; chat the Tath a Ofoter at 
62 & in the morning, the time of the new 
moon, the diſtance of this planet from the earth 
was 947, and its fouthern . declination 129 13% 
Take in the firſt table over-againſt 95, and 
129 &, the height of the greateſt tide which 

Nn 2 we 
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we ſhall find to be 199. LE jonny the ame 2 


Was obſerved... 


Examp. 2. We ſeek the height of the greateſt 
tide which PARTY in the new 10608 of 
June 1712, : 


We find; that the 4th of June at 7" 25 abi the 


morning, the time of the new moon, the north- 


ern declination of that planet was 259 10, and 
its diſtance from the earth 1064. Take in the 
firſt table over-againſt 106, and 23% 32, the 
height of the greateſt tide that we ſhall find 1 5 
feet, 10 inches, only 4 inches leſs than what was 
obſerved. 


Examp. 3. We ſeck the height of the ſmalleſt 
tide which follows the firſt quarter of the moon 
the 23d of Zune, 1712. 

We find, that the 25th of June at 8" 18/ P. M. 
the northern declination of the moon was 69 30 


and its diſtance from the earth 987. Take in the 


ſecond table over-againſt 99, and 62 56, the 
height of the ſmalleſt tide which we ſhall find to 
be 13 feet, 8 inches, within about 4 lines of What 


was obſerved: 


Examp. 4. We ſeek the height of the ſmalleſt 
tide which followed the firſt quarter of the moon, 
Dept. &, 1712. 

We ſhall find at that time the moon's diſtance 
from the earth was 1061, and its northern decli- 
nation 269 28/. Take in the ſecond table over- 


againſt 106, and 262 22, the height of the 


ſmalleſt tide which we ſhall find 109 9/ of, 8 
6 inches greater than what they obſerved. 


} 


We 
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We might draw-up like rules to find the height 


of the tides in the other ports of the! ocean, pro- 


vided we had ſeveral obſervations of the full ſea 


made in different , ſituations of the moon, and 
principally when it is near its apageum and its pe- 


rigeum, when it runs over the equinoctial; or 


when it is towards its greateſt declination. _ 
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III. On the height of the atmoſphere, by M. 


de la HireF, 


Let the circle TNIF, be one of the great cir- 
cles of the earth, of which the centre is C, and let 
the meeting of the plane of this circle, with the 
ſurface of the atmoſphere, which I ſuppoſe ſphe- 


rical, be the circle ZPA, of which the centre is 


alſo in C; let the ſenſible horizon of a point T, of 
the ſurface of the earth be TL, which ſhall be per- 
pendicular to the vertical line ZTC of the ſame 
point T. 9 = - _ 
We know by the obſervations that a ray of 
light which comes from a ſtar, and makes with 
the horizon TL, an angle of 32', underneath, as 
PM, after having traverſed the atmoſphere, comes 
to the eye at T, where 1t appears in the horizon 


TL; and this ray muſt deſcribe in the atmoſphere 


a curve, which ſhall be touched at the point T, by 
the horizon LT; for the ray MP, meeting the 
ſurface of the atmoſphere obliquely in P, draws 
nearer the perpendicular CP, by advancing toward 


J, and turning its concavity toward the earth, be- 


cauſe the atmoſphere is a body which continually 


| Increaſes in denſity as it approaches the earth. This 


angle of 32/ is what we call the horizontal re- 


fraction. | 


It follows from hence, that all the luminous 
points which ſhould be upon the curve PT, with- 
in the atmoſphere would appear in the horizon 


TL, and thoſe which ſhould be underneath would 


not appear from the point T, and if we would 
conſider the atmoſphere, as a matter quite homo- 


N. 25, 1713. T Plate VI. Fig. 1. Page 
1 geneous 
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geneous like water, and as many aſtronomers 
have done, it is evident the ſame thing would al- 


ways follow ; for then a ray mp which ſhould: 
make with TL an angle mL of 32/ by meeting 
the atmoſphere-in-p would turn aſide by the 
right horizontal line p T; but this ſuppoſition 
not being natural, we hall here make ute of the 


curve PII. 
It thro? this point P we therefore Prien the ray 


of the earth C NK which meets its ſurface in N, 


and the horizon TL in K, and take an arch N [ | 
equal to the arch NT, it is evident that IK would 


be perpendicular to the ſemi- diameter of the 


earth CI; and that the eye being placed at I 


would ſee all the luminous points which ſhould be 


within the atmoſphere, and in a curve IP like 
TP, in the line IK which would be horizontal 


from the point I, as TK is from the point T. 
But moreover if we allo i imagine beyond I an- 
other curve IA within the atmoſphere, and which 
is equal and ſimilar to IP or TP, it follows that 


a ray of light as DA, which ſhould meet the at- 


moſphere in A, and make with KI prolonged an 
angle of 32 would traverſe the atmoſphere by 
the curve Al in touching the circumference of the 


circle of the earth INI in I, and would purſue its 
way by the other curve IP, and would go out of 


the atmoſphere at P, making with IK an angle 
of 321 
Now let us ſee the effect of the rays of the ſun 


in the atmoſphere. 
All aſtronomers agree that when the centre of 


the ſun is 18 degrees below the horizon, we ſee 


the beginning or the end of the twilight; and 


thoſe who have obſerved the twilight in ſerene 


cold weather, take notice that its light is diſtinct 
enough toward the horizon to make an exact de- 
Vor. IV. Nè. 42. 0 0 termi- 
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termination of it; and conſequently if we draw 
the line TF which makes with TL an angle of 
18 degrees, this line TF will tend to the centre 
of the ſun without having regard to the refrac- 
tion; and if DA was a ray which came from the 
centre of the ſun, and met without refraction TL 
| in Q, the angle DQL would be 18 degrees. 
But the beginning of the twilight which may 
appear to the eye placed at T, is produced by the 
firſt rays which come from the edge of the ſun, 
and may meet the ſurface of the atmoſphere in P 
upon the curve TP; and theſe rays would make 
with the horizon TL an argle as dQL, of 18' .. 
nus the ſemi-diameter of the ſun; for thoſe which 
ſhould make an angle greater than d QL, could 
not meet the arch of the atmoſphere in the 
curve TP, and thoſe which ſhou!d make an angle 
leſs than 4 QL, as when the centre of the ſun is 
nearer the horizon than 18 degrees, would meet 
arch of the atmoſphere between Z and Pp, and 
then the light of the crepuſculum would be alrea- 
dy raiſed upon the horizon. Altho' we here con- 
ſider the rays of the edge of the ſun for the for- 
mation of the twilight, this does not hinder us 
from having determined its beginning when the 
centre of the ſun is yet 18 degrees below the ho- 
rizon. 
But if 4Q is the firſt rav of the ſun which can 
meet the atmoſphere in P, to make the eye at T 
perceive the beginning of the twilight, it muſt 
come out of its upper limb, which is remote from 
its centre in the mean diſtance of 16/; for this 
reaſon the angle of 18“ muſt be diminiſhed by 
theſe 16/; and as we have juſt demonſtrated that 
it mult be allo diminiſhed 32/, which is the hori- 
zontal refraction; we mult therefore ſubſtract 


from 18% the two angles of 36/ and 32/, to have 
1 | the 
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the angle of 17% 12/, which is the only one we 
here conſider, or want for our purpoſe. 

Let us ſuppoſe therefore to avoid the confuſion 
of the lines, that the ray 4A, which meets the 
atmoſphere in A where it enters, being pro- 
longed to TL, at Q makes the angle 4 QL of 
18“ minus 16, but that in meeting the atmo- 
ſphere at A, it turns aſide and touches the ſurface 
of the earth in I, and afterwards purſues its way 
by the curve line IP ſimilar to IA, which is alſo 
ſimilar to TP; and if thro? the point I we draw 
the tangent RIK to the arch of the earth TT, 
which meers TL in K, we ſhall have the angle 
IKL of 179 12/, which muſc be equal to the an- 
ole TCI, or ACK, and CK will divide this an- 
gle into two equal parts; therefore the angle 
TCK, or ICK, will be of 8 degrees 36, which 
is the half of 179 12½ when the firſt rays of the 

ſun will meet the ſurface of the atmoſphere in P, 
which is the point where we begin to ſee the twi- 
light from the point T placed upon the ſurface of 
the earth. by 85 

* Now if we ſuppoſe that the arch of the atmo- 
ſphere paſſes in K, then the ray as nK, which 
ſhould make with LK an angle of 32/, muſt be 
refracted in the atmoſphere by the right line KT 
to go to T, which cannot be as we have ſaid, be- 
cauſe of the unequal denſity of the atmoſphere z 
therefore the atmoſphere inuſt neceſſarily paſs be- 
low K towards N. 

But if thro* the point T we draw a line T qf 
which makes with LT the angle K T / of 32/, [ 
ſay that the atmoſphere cannot pals in g, for then 
the curvity of the ray /q muſt be made above 
T to go to T, where it muſt touch KT, 
* Fig. 2. 1 

Oo 2 be- 
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becauſe this curvity mult have its concavity turned 
toward the earth, and this refracted ray q T be- 
ing bent, would divaricate from the direct ray /q 
by receding from the perpendicular Cq drawn to 
the ſurface of the atmoſphere, whereas it ought 
to approach it; it will paſs therefore above 7 to- 
ward K. 

Let us now ſee by the means of the given an- 
gles, and by the magnitude of the radius or ſemi- 
diameter of the earth, which is known, what are 
the magnitudes of the lines NK and Ng. 

We have in the triangle CTK rectangular i in T, 
the angle TCK of 82 36, therefore its comple- 
ment CK T will be 81“ 24; and we know the 
ſemi-· diameter of the earth CT 3,269,297 toiſes, 
we ſhall find therefore CK of 3,306,520 toiſes, 
from which taking away CN or CT, there will 
remain NK of 37,222 toiſes. 

Again, in the triangle CTq we have the angle 
TCq known as above to have 89 360; but the 
—1 CT is leſs than a right one by 36%, ſince 
2 is ſuppoſed to be 36, therefore CT will 
be 892 24; and laſtly, the angle CTq will be 
820 05 and CI is the ſame as in the other; we 
| ſhall find therefore Cg 3, 301, 244 toiſes, from 

which taking away the value of CN, there will 
remain for Nq 31,947 toiſes. | 

Ic therefore follows from hence, that the height 
of the atmoſphere is leſs than 37, 223 toiſes, an! 
greater than Ng which is 31,947 toiſes; and if 
we take the mean which cannot be far from the 
truth, we ſhall have the height of the atmoſphere 
NP, 34,585 toiſes. 

M. Mariotte in his eſſay on the nature of the 
air, concludes the height of the atmoſphere a little 
leſs than this by his principle of the condenſation 
of the air in its different heights, and upon expe- 

riments: 
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riments : but theſe ſorts of calculations can never 
be very juſt, becauſe they are deduced from ſome 
gravity of the air near the earth; and beſides we 
cannot know by our experiments exactly to what 
height the elaſtic particles of the air can dilate 
themſelves in the her, nor the progreſſion of 
their dilatation z and it is a good deal to have 
come ſo near as he has done. 

Kepler in his Epitomy of Aſtronomy determines 
the height of the atmoſphere by the crepuſcula ac- 
cording to the idea of the ancients, wha conſidered 


only direct rays which met the atmoſphere, after 


having touched the earch, without having regard 
to the refraction; and he finds it by a calculation 
which he nals of 10 German miles, each of 
which is equal to about 3,800 of our toiſes; and 
the height of the atmoſphere would therefore be 
38,000 toiſes, which is more than we have found 
it, and much more than he believed it ; for he 


reckoned its true height only at a little more than 


half a German mile, which would be almoſt 2,00a 


toiſes. There is a great probability that fo con- 


ſiderable a difference made him ſeek the means of 
explaining the twilight, by employing thereupon 
ſome reflections within the atmoſphere which he 
adds to the refraction; and by a matter which he 
imagines to be about the ſun, and to be illumi- 

nated by it; and he inſiſts ſtrongly upon this 
thought, for he relates many reaſons to ſupport it, 
one of the principal of which is, the curved figure 


of the twilight which is obſerved in the cold and 


ſcrene nights; he alſo adds, that this apparent fi- 
gure is a ſegment of a circle which terminates at 
the horizon; but I am going to demonſtrate that 
it is not a portion of a circle, but an hyperbola 
which is a little altered by the refraction, and that 
It is not neceſſary for the explaining this curved 


figure 
If 
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figure of the crepuſculum, to have recourſe to a 


matter which encompaſſes the ſun, and that it is 


only the atmoſphere which muſt produce it, for 


ſuch a matter would very much interrupt the ce- 
leſtial phænomena. 

I Let there be as before, the vertical line cr. 
which paſſing thro* a point T of the ſurface of 
the earth, meets the ſurface of the atmoſphere 
ZX at the point Z, and let TL be the horizon 
of the point T, which is perpendicular to the 
vertical CT ; ad let the ſurface of the atmo- 


ſphere ZX be illuminated in P by the rays of the 


limb of the ſun which is yet under the horizon 
and as we ſuppoſe this point P raiſed above the 
horizon TL, there will appear a part of the arch 
of the ewilight above the horizon. If we draw 
therefore the radius of the earth CP which meets 
its ſurface at N, and take the arch NI of 89 36, 
we ſhall have the point I, upon the circumference 
of the earth, where the rays cf the upper limb of 
the ſun, after being refracted in the atmoſphere 
by entering into it, and in their way, will touch 
this circumference, and from thence turn them- 
ſelves toward P, where they will meet the ex- 
tremity of the atmoſphere, as has been ſeen in 
the beginning of this memoir. 

But as the ſame thing happens all about chis 
earth; as to the ray IP in the atmoſphere that ſur- 
rounds it, if we draw the radius of the earth Cl, 
and thro? the point P the line PV parallel to CI; 
this line PV will repreſent the circle of the fur- 
face of the atmoſphere which is illuminated by 
the rays of the edge of the ſun; it will therefore 
be this circle PV, which muſt repreſent the arch of 
the extremity of the twilight ſeen above the hori- 


+ Fig. 3. —— 
| ZOn 
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zon from the point T, of which the point P will 
be the moſt elevated part. 

Let us now conſider the circle PV for the baſe 
of a cone which has its verztex at T, where the 
eye is placed, the triangle TPV will be the tri⸗ 
angle through the axis of this cone, which is per- 
pendicular to its baſe, and its ſurface determines 
the extremity of the twilight with relation to the 
ſummit. T; we need therefore only conſider the 
figure of the ſection of this conic ſurface 8 a 
lane. 

; When one is pretty far diſtant from a plane 
upon which there is a figure drawn, and cannot 
know the diſtance of the eye from the extremities 
of the figure, we always imagine that this figure 
is in a plane perpendicular to the principal ray 
which goes out of the eye to the figure, as if it had 
a circle drawn upon a plane, and this plane was 
very much inclined to the eye which ſhould look 
upon the circle; and beſides the plane not being 
viſible, and this circle being very diſtant from 
the eye, we ſhall always judge that the figure is 
elliptic, for we conceive it in a plane perpendicu- 

lar to the rays drawn from the eye to the figure. 
It is the ſame here with the ſection of the cone 
TPV, of which there can only be a ſmall part 
above the horizon TL ; and as we ſuppoſe that 
the twilight 1s in a vertical plane perpendicular to 
the horizontal line TL, and to the triangle thro? 
the axis of the cone, we muſt imagine that its fi- 
gure is upon this plane, and is an hyperbola; ſince 
the plane parallel to the plane where the ſection 
is, and which paſſes thro* the vertex T of the 
cone is within, The eye being placed at T, muſt 
therefore judge that the figure of the arch of the 
twilight is hyperbolical. But alſo the curvity of 
an hy perbolical arch being flatter on both ſides its 
ver- 
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vertex than the curve of an arch of a circle, will 
appear alſo more flatted toward the horizon, where 
the refraction will raiſe this arch much more than 
towards its vertex, which makes the difference ſtill 
greater between the curvity of the twilight, and 
an arch of a circle. | 

It is ſeen by this explication, that in proportion 
as the upper part of the arch of the twilight riſes: 
toward the zenith Z, which is done in a very 
little time, ſince it muſt run over a quadrant of a 
circle whilſt the ſun riſes only 89 36/ toward: the 
horizon, as from the point I toward N in fig. 1. 
that is from the beginning of the appearance of the 
twilight, and then the part of the horizon oecu- 
pied by the twilight, is greater than a ſemi- circle, 
ſince it muſt be determined by the little circle Zy 
which will make with CZ an angle equal to CPV, 
which cuts the horizon in t beyond T, where its 
light hinders the eye at this point T from diſcern- 
ing the term of the arch of the twilight, which 


very readily diſappears from the eye by the rays | 


1 come to it from the whole body of the 
_—_— 

It ftill remains for me to explain how Kepler 
has found the height of the atmoſphere by the 
twilights to be 10 German miles according to the 
ancients, without having regard to the refrac- 
tion. 

+ Let there be the ſurface of the earth IT, its 
centre C, and the horizon TK, from the point 
of its ſurface T, if we take the arch TI of its cir- 
cumference of 18 degrees, and draw the tangent 
DI to the horizon TK at K, we ſhall have the 

int K where we ought to begin to ſee the twi- 
light from the point T, for the point K muſt be 


T Fig. 4. 
that 
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that where the rays of the ſun meet the atmo- 
ſphere. + It follows therefore, that if we draw. 
CK, which muſt cut in two equal parts in N the. 


arch TI, the angle TCI, or ICK will be 9 de- 


grees, and the triangle ICK will be rectangular, 
in I, and ſuppoſing; the radius of the earth CI to 


be 904 German miles, he finds CK to be 914 


miles, from which taking away CN of 904, there 


remains NK of 10 miles for the height of the at- 


moſphere. 2 | f 45 
He adds, that this demonſtration neglects all 
the cauſes except the ſun, as the refra — the re- 
flection of the rays within the atmoſphere, and 
the etherial matter which he imagines about the 
ſun: thus he reaſons from theſe cauſes without ap- 
plying any calculation to them, to draw. from 
them the height of the atmoſphere of a little above 
half a mile, which he reckons to be its true va- 
ine x £1 LE EET 
He ſays, that the matter of the atmoſphere is 
homogeneous, and that its ſurface is as well ter- 
minated as that of the ocean. It is certain, that 
the refraction of the rays of the ſun in entering 
into the atmoſphere, muſt be conſidered as I have 
done; but he adds that thoſe rays which do not 
meet the earth, and which in purſuing their way 
within the atmoſphere, meet its ſurface in going 
out as if they had entered it, except ſome which 
are reflected within toward the earth, and which 
only produce a very faint light, and theſe laſt 
which are reflected by meeting again the ſurface 
of the atmoſphere, go out of it alſo; except ſome 


which reflecting themſelves again within the atmo- 


ſphere, go to meet its ſurface in a place which 
may be ſeen. from the earth, which produces in 
that place the appearance of the twilight. It is 
eaſy to judge that theſe few rays which ſhould 
Ver. IV. FS . Pp touch 
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touch the atmoſphere after ſeveral reſlections, and 
ſhould be almoſt all gone out of the atmoſphere, 
as he himſelf faid, could not make impreffion. up- 
on the ſight, and chiefly meeting only" the ſurface 
of the air, which is a very rare body, altho he 
ſuppoſes it homogeneous like water. 
He afterwards runs out into a great length 60 
prove by ſome calculation which he makes, the 
neceſſity of the matter which he has imagined 
about the ſun, which muſt produce the curvity of 
the twilight; but all this is of no ſervice, and is 
intirely uſeleſs for this nnen. as an =_ 
before demonſtrated. 125 

L have already explained why we cannot di- 
ſtinguiſh exactly the bounds of the twilight, hen 
it is pretty much elevated above the horizon; 
and even when it is yet toward the horizon, it 
very often happens alſo. that we cannot ſee it well 
terminated ; for if the firſt rays of the ſun which 
form it, as d in the firſt figure, paſs through 
thick clouds, or vapours, which are upon the ſur- 
face of the earth toward I, they will be turned 
from one fide to the other, and do not make in 
P a light ſtrong enough to ſee there diſtinctly the 
term of the crepuſculum, and this commonly hap- 
| pens. For towards the morning, where the ſun 
beginning to iolighten ſucceſſively the ſurface of 
the earth, a great many vapours ariſe ; and to- 
wards evening, thoſe which had riſen in the day 
time, fall upon it again by the abſence of the ſun 
which forſakes them; it will not be the ſame thing 
if the air is very cold, and without clouds, it is 
alſo that time alone when the twilight is well ter- 
minated in its beginning, or in its end, We muſt 
alſo add to this, that toward the beginning of 
twilight, the eye which 1s at T, ſees the particles 


of air, which. are enlightened very near one an- 
other 
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other, which cauſes a much livelier appearance of 


light, than when it is raiſed — 
where we only tee theſe enlightened particles very 
much ſeparated, which cannot ſtrike the eye ſtrong 


enough to diſtinguiſh the term. of the crepuſculum, 


and much leſs when the engen particles ar 
toward the zenith T. 
In ne, if it is not granted that the beginning 


anda of the twilight appears. when the Jun is 


yet 18 below the horizon, and that it was at 
17% or 199, we muſt only increaſe or diminiſh 
the height of the — as I have juſt found 
it about 2000 toiſes for each degree. 

Nor do I pretend that the height of the OY 
ſphere which I have ſuppoſed, muſt be the ſame 
cover all the earth as toward the equator, or to- 

wards the poles; but that depends upon obſerva- 
tions which might be made in thoſe countries; and 
am even perſuaded that in the countries towards 
the poles, the height of the atmoſphere is much 
greater than in theſe, or I believe greater than to- 


ward the equator; but towards the poles the ob- 


ſervations of it may be very well determined, be- 


cauſe of the great cold and clearneſs of the an 


which reigns there in winter. 

Here is an obſervation which will ſerve to cor: 
firm the height of the atmoſphere as I have Juſt 
determined it. In 1676 there appeared in ſome 
parts of Italy, a meteor, which was as bright as 
the full moon. M. Montanar:, profeſſor at Bo- 
lonia, made ſome obſervations on it, and havin 
compared them with thoſe which had been made 


in other places, he determined the height of this 


meteor to be ig mean leagues of France, which 
he printed in a ſmall work, intitled Fiamma vo- 
lante. 
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292 The HisToRY and MEMor1Rs of the 
Me cannot doubt but that all theſe fires or me 
"teas are formed by ſulphureous exhalations which 
come out of the earth, and becoming inflamed, weigh 
much leſs than the particles of air of which they 
occupy the place; but let them be ever ſo light, 
'they are nevertheleſs heavier than the other which 
we conſider as without any weight. For this rea- 
ſon they muſt raiſe themſelves juſt upon the ſur. 
face of the atmoſphere, where — float as long 
as they laſt; thus the height of theſe fires muſt be 
the ſame with that of the atmoſphere, and conſe- 
quently the 15 leagues of height obſerved of this, 
which comes to 25,000 toifes, confirms what I 
hy found for the height of the elfe 


IV. of the figure of the carth, by M Ca am 


We ſhall not here undertake to relate the various 
opinions which have divided philoſophers: con- 
"cereng the figure of the earth. | 

We cannot imagine any figure which they tage 
not attributed to it; for not to mention thoſe who 

- believed it to be like a column, a drum, a cone, 
or a tree, the root of which was infinitely extend- 
ed]; ſome have judged it to be flat without ad- 

- mitting any other inequality in itz chan what i * 

cauſed by the mountains. 
Others being afraid leaſt 4 8 waters of the ſea 

- ſhould run out if they were not reſtrained by ſome 

bounds, gave it the figure of a concave hemi- 

n 

Laſtly, others conſidering that the tops of the 

towers, and high mountains were perceived at a 

diſtance, while their baſes were concealed below 
the horizon; that thoſe who were in the moſt ele- 
vated places ſaw the ſun riſe earlier, and ſet later, 


than thoſe who were in the loweſt places; that the 
ſhadow 


o 
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| ſhadow of the earth appeared in the eclipſes of 


the moon to have a circular figure; and that thoſe 
who travelled from north to ſouth, ſaw the ſouth- 
ern ſtars riſe above the horizon, whilſt the north- 
ern ſtars were depreſſed, Judged it to be ſpherical. 
This opinion which. was founded upon ſolid 
reaſons; was almoſt generally received by. thoſe 
who undertook before us to determine the mag- 
nitude of the earth by geometrical operations. 
They made uſe of the meaſure of a ſmall-por- 
tion of its circumference, - to conclude by that its 
whole extent, by ſuppoſing that all the degrees 
of the meridians of the earth were equal among 
themſelves; and that the lines perpendicular to 
the horizon, which paſs through the zenith, and 
meaſure the degrees in the heavens, were directed 
towards the ſame point, which _ Judged to be 
the centre of the earth __ 
Several great geometricians of our time have 
abandoned this hypotheſis of the ſphericalneſs of 
the earth. Sir Iſaac Newton in his Philoſophie 
 Naturalis principia Mathematica, having conſi- 
dered that the force which he calls centrifugal, and 
which reſults from the daily motion of the earth, 
muſt raiſe at the equator thoſe parts which endea- 
vour to recede from the axis of the earth; judged 
that it muſt be depreſſed toward the poles, and he 
found according to his principles, that ſuppoſing 
the earth to be of an uniform matter, as denſe at 
its circumference as towards its centre, the diame- 
ter of the equator; muſt be to the diameter which 
paſſes through the poles as 692 to 689. 
M. Huygens, in his diſcourſe of the cauſe of gra- 
vity, having conſidered that at Cayenne, which is 
only 4 or 5 degrees diſtant from the equator, a 
pendulum which ſwings ſeconds. is ſhorter there 


than at Paris by a line and >, from * it 
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294 The HISTORY and MEMorRs of the 
follows, thatif we take pendulums of equa] length, 
that of. Cayenne makes the — little flow - 
er than that of Paris: judged that the cauſe of this 
nomenon could be referred only to the daily 

motion of the earth, which being greater in each 
country, according as it approaches nearer the e- 
quinoctial line, mult produce a proportionable 
effort to reject the bodies from the centre, and con- 
ly take from them a certain part of their 
gravity. He adds, that this effort which reſults 
from the circular motion of the earth, muſt make 
a plummet, : ſuſpended to a cord, vary from the 
| dicularity ; and as the ſurface of all liquids 
is fo diſpoſed, that the line of ſuſpenſion is per- 
pendicular to it, becauſe otherwiſe jt might de- 
ſcend more, it follows, that the ſea has the figure 
of à ſpheroid, and that the earth muſt have con- 
formed itſelf to it, when it was collected by the 
effect of gravity. Upon theſe principles he ad- 
vances as a paradox, that the earth is not perfectly 
ſpherical, but of the figure of a ſphere: — to- 
wards the poles, nearly ſuch as an ellipſis would 
make by turning about its leſſer axis; and he 
concludes, that the diameter of the equator ex- 
ceeds the axis of the earth by r, whereas accord. 

ing to Sir Iſaac Newton, this excels is but 8 of 
the diameter of the equator. 

But M. Einſenſchmid, a celebrated mathemati- 
clan of $!rasburg, having examined the magni- 
tude of the degree, which refulted from "ſeveral 
dimenſions, made under different parallels by va- 
rious mathematicians, found that the magnitude 
of the degree of the earth, drawn from the mea- 
ſures of Snellius made in Holland, was ſmaller 
than that which M. Picard had determined by his 
obſervations made in France, which is more ſouth- 


| _ that the magnitude of the degree, which 
reſults 
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reſults from the meaſures. of M. Picard, made in 
the neighbourhood of Paris, was ſmaller than that 
which F. Riccioli found at Bolonia, which is more 
ſouthern than Paris; and that this was yet ſmaller 
than the magnitude of the degree, which had 
been formerly determined by Eratoſtenes, between 
the city of Alexandria and that of Syene, whick 
was under the tropic of Cancer; this in quality 
of degrees, which increaſed in magnitude, as they 
| approached the equinoctial line, made him judge 
that the earth was not ſpherical, but had the figure 
of a fpheroid prolonged toward the poles, the me- 
ridians of which are repreſented by ellipſes, and 
the equator and parallels: by circles. . 
He determines upon this foundation the ine- 
quality of the degrees of the meridian of the cir- 
cumference of the earth; but he owns that it 


were to be wiſhed, that ſome of theſe obſervations 


were again made near the pole, and the equator; to 
determine more exactly and with more certainty 
the figure and fize of the earth; and that the me- 
ridian line, which ought to be drawn through the 
royal obſervatory on each fide, to the confines of 
the kingdom, would be of very great importance 
for the deciding this queſtion. 

In his Treatiſe of the figure of the earth, he re- 
lates alſo the opinions of ſeveral authors, who, as 
well as he, have judged that the earth was pro- 
longed: towards the pole; and he recites among o- 
thers, Dr. Burnet, who conſidering that by the 
daily revolution of the earth, the maſs of water 
receives a greater degree of velocity toward the 
equator, than towards the poles, where it deſcribes 
| ſmaller circles; the parts of water which are 
moſt agitated, make an effort to remove from 
the centre of their motion, and cannot raiſe them- 
ſelves, becauſe of the air which ſurrounds them on 
all 
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296 The HISTORY and MRM OI RSC the - 
all ſides and reſiſts them; ſo that they are obliged 
to flow on both ſides to put themſelves in eguili- 
brio; for, adds he, the waters which find any ob- 
ſtacle, flow. on the ſide where they find a paſſage, 
and where their motion is moſt free, fo that by 
the diminution of the waters of the ſea, which 
are toward the equator, the globe of water 
is a little prolonged: towards the poles, and 
the cruſt of earth which is formed upon it, muſt 
take the ſame figure. 

In this diverſity of opinions concerning the fi. 0 
gure of the earth, we have thought it neceſſary to 
examine what that is which reſults from the ob- 
ſervations which we have made in the ſouthern 
part of France, compared with thoſe that M. Pi- 
card had made in more northern places. 

M. Picard's meaſure of the earth extends from 
the parallel of Amiens, which is 497“ 54 46 to 
the parallel of Malvoiſine, which is 489 31.48“, 
_ in this ſpace, which is about 1 degree and 

„the magnitude of the degree of a meridian Ar 
mounts to 57060 toiſes. | 

Our meaſures begin at the royal obſervatory of 
Paris, which is under the parallel of 48050 10 
and end at Collioure, which is toward the ſouth» 
ern extremity of France, under the parallel of 
422? 31' 13”, In this extent, which is 6® 18' 57), 
we have found the magnitude of each degree one 
with another 57100 toiſes. Thus if we ſuppoſe 
M. Picard's obſervations and ours to be exact in 
all their circumſtances,the reſult is that the degrees, 
which are toward the north, are leſs than thoſe 
which are toward the ſouth; and that conſequently. 
the figure of a meridian of the earth, muſt be ſuch 
that the degrees ſhould encreaſe the more they ap- 
proach the equator, and diminiſh on the contrary 
in going toward the poles ; which is the properey 


I 


\ 
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of an ellipſis, the great diameter of which repre- 


ſents the axis of the earth, and the leſſer diameter 


that of the equator, as will be demonſtrated here- 
after. 
This ellipſis turning about its great axis, rad 
by its revolution a ſpheroid, of which the poles 
are at the extremities. of the great axis, and the e- 
quator. and parallels are repreſented by circles. 
This figure 1s what we attribute to the earth, and 
we ſhall give according to this hypotheſis, a very 
ſimple method to divide the ellipſes, which repre- 
ſent the meridians of the earth divided into degrees 
and minutes, and determine the inequality of theſe 


degrees, Which are terminated in the heavens by 


perpendiculars to the horizon, which paſs through 


the zenith, and cut all of them the axis of the earth 


in different points. Let * BDCR: be an ellipſis 


which repreſents a meridian of the earth; of which 


let the poles B and C be at the extremity of the great 
axis BC, and let the foci E and F be taken at diſ- 
crete 

We would divide this ellipſis into degrees, that 


is, find ſeveral points H, I, V, ſuch, that the di- 
ſtance from the pole to the zenith of each of theſe ' 


points be a certain number of Siren degrees, ſuch 
as we pleaſe, _ 

Let there be drawn from one of the foci of the 
ellipſis E, the line ET, which makes, with the 
axis BC, an angle BET, equal to the diſtance 
given from the pole to the zenith, Let there be 
taken with a pair of compaſſes, a ſpace equal to 
the axis BC; and from the other focus F, as a 


centre, let there be deſcribed at this interval: an 


arch of a circle, which cuts in T the line ET; I 
plate VI. Fig. 5. =— 
Ver. IV. N . Qq4 0 
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ſay, that the line FT, drawn from the point * 1 


the focus F, will cut the ellipſis at the Point 
which is ſuch, that the diſtance from the pole to 
the zenith of this place, will be of the number 00 


degrees given. 


Demonſtration. 


From the point H let there be raiſed Hz, ; per- 
pendicular to the ellipſis, which paſſes RR 
the zenith 2, and being prolonged on the inſide, 


meets the axis of the earth in O, and divides by 


1 


the property of the ellipſis, the angle EHF in two 


equal parts. Let there be alſo drawn from the 


point H, HP parallel to the axis BC, and di- 


fnite! diſtance. - The angle PHZ or POZ, mea- 
ſures the diſtance from the pole to the zenith of 
an inhabitant, who ſhould be upon the earth at the 
point H. 

By the conſtruction, FT is equal to the axis 
BC; but BC by the property of the ellipſis, is 
equal to EH, plus HF; taking away the c A. 
mon FH, we ſhall have FH e qual to 
The angles ETH, TEH, will e er be 5 


and conſequently each half of the external an- 


gle EHF; but the angle EH O is alſo equal to 
half the angle EHF; "the angles TEH, EHO, 
will * be equal between themſelves, and 


conſequently the lines ET, HO, vill be parallel 


between themſelves, and the angle POZ, which 


| meaſures the diſtance from the pole to the zenith, 


from the point H, will be equal to the angle 


BET, which, by the conſtruction, was made e- 


qual to the diſtance given from the pole to 
the zenith —_ A DO D. 


Now 


rected to the —8 P, which we ſuppole at an in- 
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Now if we ſuppoſe the proportion of the grea 
diameter of the ellipſis BC, to the diſtance EF be- 
tween the foci, ſuch as we pleaſe, we may deter- 
mine by calculation all the points of the ellipſis 


as H, which terminate the degrees, making as 


FT or BC is to EF; ſo is the fine of the angle 
PET, the given diſtance from the pole to the 
zenith, to the fine of the angle ETF or TEH, 
the value of which will conſequently be known. 
This angle TEH being added to the angle PET, 
the given diſtance from the pole to the zenith 
from the point H, gives the value of the angle 
BEH ; that the line drawn from the focus to the 
ſought point H, makes with the axis of the ellipſis. 

Now 1n the triangle EHF, of which the ſide 
EF is known, as well as the angle EHF, which 
is double of the angle TEH, and the angle FEH 
ſupplement of the angle BEH ; we ſhall have the 
value of the ſide EH known in parts of the axis 
BD 


BEI, BEV, Sc. and the value of the lines El, 
EV, for the diſtance from the pole to the zenith, 
of all the degrees of the circumference of the 
earth; and in the rectilineal triangles HEI, IEV, 
of which the ſides HE, EI, EV are known as 
well as the angles contained between the ſides 
HEI, IEV, which are the difference between 
the angles BEH, BEI, BEV determined here a- 


bove, we ſhall know thi value of the chords HI, 


IV, contained between each degree. 

We ſhall therefore have the exa& proportion 
of the chords of each degree of the circumfe. 
rence of the earth in the elliptical hypotheſis. And 
as the proportion of theſe cords between them- 
ſelves is not ſenſibly different from the propor- 


TY 2 tion 


By the ſame method we ſhall find the angles 
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tion between the arches of the ellipſes which they 


ſubtend, we ſhall have at the ſame time the pro- 
portion between the degrees of the circumference 
of the earth at any diſtance from the pole, ſuppo- 
ſing the excentricity of the earth to be in a cer- 
tain quantity. 

For a greater exactneſs we might calculate the 
proportion between the chords of the halves and 


quarters of a degree of the circumference of the. 


earth, that the difference which might be between 
the proportion of the arches and that of the chords, 
was leſs ſenſible; but if we conſider that the ex- 
ceſs of the arch of a degree upon the chord which 
ſubtends it, is only about 4 feet; it is eaſy to 
judge, that the difference between the proportion 
of the chords of each degree, and that of the 
arches of the ellipſcs which they ſubtend, is abſo- 


ſutely inſenſible; add to this, that the meaſures 


which we have uſed for determining the magni- 

ude of the earth, have been made according to 
right lines, and not according to the curvity of 
the circumference of the earth. 

Having applied the method juſt explained, 
to the figure of the earth, which we at firſt ſup- 
poſed to be like the orb of the moon in the el- 
liprical hypotheſis, and of which the diſtance be- 
tween the Foci, is, according to the modern aſtro- 
nomers, about of the great diameter; we have 
found that according to this hy potheſis, the degrees 
jacreaſe in magnitude, in receding from the pole 
and approaching to the equator, agreeable to our 
obſervations, but that this augmentation from one 
degree to another, at the diſtance from the pole 
oO: 40 degrees, was but two toiſes and 4 feet, 
which is too little to reprelent the ingquality of the 

degrees, 
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degrees, which reſults from the compariſon of our 
obſervations with that of M. Picard's. 

We have therefore been obliged to ſuppoſe the 
excentricity of the earth greater, and we have 
found, that by eſtabliſhing the diſtance between 
the foci of the ellipſis, which repreſents a meri- 
dian of the earth, double to that which is attri- 
buted to the orb of the moon; ſo that! this diſ- 
tance may be to the great diameter of the earth, 
as 8,724 to 100,000, that 1s pretty near as I to 
11. This ellipſis perfectly repreſents the figure 
of a meridian of the earth, ſuch as reſults from 
our obſervations compared to thoſe of M. Picard. 

We find for example, that the degree contain- 
ed between the parallels of 49 and go degrees, 
being 57,060 toiſes, according as it has been de- 
termined in the meaſure of the earth; that which 
is between the parallels of 30 and 31 degrees, is 
57,071 toiſes, and 2 feet, greater than the pre- 
ceding by 11 toiſes, 2 feet, and that the ſum 
of ſix degrees — between the parallels of 
the places which we have determined the diſtance 
of, is 342, 600 toiſes, which gives the magnitude 
of theſe degrees, one with another, 37, 100 toiſes, 
as we have obſerved. 

We alſo find, that according to the hypotheſis of 
the elliptic earth, the ſmalleſt inequality from one 
degree to another, is toward the poles, and the 
equator where it is only two or three feet. This 
inequality in the degrees increaſes afterwards 
on both ſides to the parallel of 45 degrees where 
it is the greateſt that is poſſible, and which we 
have calculated to be about 11 = toiſes. 

It follows from hence, that the moſt conveni- 
ent places to know if there be any inequality in 

the 
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o 


the degrees of a meridian of the earth, are con- 
tained between the parallels of 40 and 50. degree 
e 


which are exactly thoſe which we have deter min 


by our obſervations. This inequality in the de: 
grees muſt be obſerved toward the parallel of 45 
degrees, even tho? we ſhould ſuppoſe the earth to 
de deprefled toward the poles; with the diffe- 
rence that the degrees diminiſh in magnitude in 
approaching the equator, which is contrary to 
our obſcryations. : 


By continuing this inquiry, we ſind the mag- 
pitude of a degree of a meridian toward the 
pole to be 56,78; tolſes and 2, and that of a de- 
gree near the equator 57,440 toiſcs, ſo that from 
the greateſt to the leaſt degree of the earth, there 
is 655 toiſes difference. 
Takipg the ſum of all the degrees of a meri- 
dian, we ſhall have its circumference of 
20,560,295 toiſes, only 4,295 toiſes greater 
than the circumference of the earth would be 
ſuppoſing it ſpherical, when the magnitude of 
the degree is 57,100 toiſes. 5 
With regard to the axis of the earth, we fhall 
find it 6,557,040 toiſes greater than in the ſphe- 
rical hypotheſis by 13,856 toiſes, or about ſeven 
of our-leagues. We ſhall have allo the diſtance 
between the two foc? of the earth 286,018 toiſes, 
or 443 leagues; and in the rectangular triangle 
DAE, of which the ſide AE, the halt of the in- 
terval between the two ec, is known as well as 
the hypothenuſe ED, which by the property of 
ellipſes, is equal to half the great diameter BC, 
we ſhall find AD to be 3,266,020 toiſes, of 
which the double DR, the diameter of the equa- 
tor will be 6,532,040 leſs than the axis BC, by 
245,000 toiſcs, or 12 or 13 of our leagues, 


I The 
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The difference between the axis of the earth, 
and the diameter of the <quator, will There - 
be the 3 of this diameter, greater by Half ' 

what W Hh ens has determined, and Pre 
near 'the' ſarfie with Sir Lade Netelor- 5 but coc 
trary Ways. | 

The diameter of the equator be ing Kkis "= 
we ſhall have its circumfefence of 26,52 T, 
toiſes, which gives the magnitude of the de- 
grees of the equator which in this hypotheſis are 
equal between themſelves, of 57,003 toiſes almoſt 
the ſame with that of the meridian which is 36 
degrees diſtance from the pole. 

Taking the difference between the circumfe- 
rence of a meridian which we have found to be 
| 20,560,29 5 toiſes, and that of the equator which 
is 20,521,006 toiſes, we ſhall have 39,289 toiſes, 
or about 20 leagues, by which the circuit of the 
earth about one of theſe meridians, exceeds its 

circuit about the equinoctial. 

According to theſe principles we might deter- 
mine in toiſes, or leagues, the diameter and cir- 
cumference of each parallel; for in the rectan- 
gular triangle ELH, the angle LEH, and the 
hypothenuſe EH, being known, we ſhall find 
the value of the fide LH ſemi-diameter of the 
parallel which paſſes thro? the point H, the lati- 
tude of which is known. 

The magnitude of the meridians and parallels 
of the earth being thus determined with regard 
to our obſervations, they may be uſed in the 
conſtruction of terreſtrial globes, and geographi- 
cal maps. 

To facilitate the deſcription thereof, we have 


drawn up a table, in which 1s marked in toiſes, 
and 
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and feet, the magnitude of all the degrees of the 


meridians from the poles to the equator, 


This table will ſerve to compare not only 


the obſervations which have already been made 
at different diſtances from the pole to deter- 
mine the magnitude of the earth; but alſo thoſe 
which may hereafter be made with the ſame denen 
under 2 other parallels. 


1 «© n r r . —_ — 1 1 ll. + a 
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degrees of the meridians of the 


earth. 3 

pic. 3 | In. {| Dit. 
; 1 m . 
Height > "ng Degrees of a _ the | Degrees of a — 0 — Degrees of a 
of the pole tol meridian, 0 1 e pole t meridian. 8 ol 8 le t meridian. 
pole. the ce Pole. | the 

zeni 1 8 ni zenith 958 
D. | D. Toiſes, Feet. Toiſes. Feet. | Toiſes. Feet. 
go | o | 56785 3 60 | 30 | 56952 5 30 | 60 $7280 1 
89 | 1 | 56785 5 || 59 | 3! | 56962 5 [29 61 | 57289 5 
88 2 56786 4 || 58 | 32 | 56973 1 || 28 | 62 | 57299 2 
8 | 3 | 56787 5 || 57 | 33 | 50983 3 || 27 | 63 | 57308 4 
% | 4 | 56789 3 |] 55 | 34 | 56994 © j| 26 | 64 | 57317 5 
% | 5] 56791 3]| 55 | 35 | 57004 5 || 25 | 65 | 57326 3 
8 | 6| 56793 5 || 54 | 36 | 57015 4 24 | 66 | 57335 1 
83 | 7 | 56796 3|| 53 | 37 | 57926 3 [ 23 | 67 | 57343 2 
82 | 8 | 56799 4 || 52 | 38 | 57037 4 || 22 | 68 | 57351 2 
8} 9| 56803 1 51 | 39 | 57048 5 || 21 | 69 | 57359 © 
8 | 10 | 56807 © |] 50 | 40 | 57060 o || 20 | 70 | 57366 2 
79 | 11 | 56811 2 |} 49 | 41 | 57071 2 [19 | 71 | 57373 2 
78 | 12 | 56815 5 || 48 | 42 | 57082 4 || 18 | 72 | 57380 1 
77 | 13 | 56820 5 || 47 | 43 | 57994 © || 17 | 73 | 57386 4 
76 | 14 | 56826 1 46 | 44 | 57105 3 || 16 | 74 | 57392 5 
75 | 25 | 56831 4 || 45 | 45 | 57117 © [| 15 | 75 | 57398 3 
74 | 16 | 56837 5 || 44 | 46 | 57128 2 | 14 | 76 | 57494 © 
73 | 17 | 56844 1 43 | 47 | 57139 4 I} 13 | 77 | 57499 © 
72 | 18 | 56850 5 [[ 42 [48 | 57151 1 || 12 | 78 | 57413 4 
71 [19] 56857 5 || 41 | 49 | 57162 2 || 11. | 79 | 574138 © 
70 | 20 | 56865 o || 40 | 50 | 57173 4 || 10 | 80 | 57422 o 
bg | 21 | 56872 4 || 39 | 51 | 57184 5} 9 | 81 | 57425 3 
68 | 22 | 56880 3 || 38 | 52 | 57195 5 | 8 | 82 | 57428 4 
b7 | 23 | $6888 4 || 37 | 53 | 57206 5 || 7 | 83 | 57431 3 
66 | 24 | 56897 x || 36 | 54 | 57217 5 |] 6 | 84 | 57433 5 
65 2556905 5 || 35 | 55 | $7228 3 || 5 | 85 | 57435 5 
64 | 26 | 56914 5 || 34 |56 | 57239 1 |] 4 | 86 | 57437 3 
63 | 27 56924 © || 33 | 57 | 57249 4 | 3 | 87 | 57438 4 
bz | 28 | 56933 4 || 32 | 58 | 572600 || 2 | 88 | 57439 3 
br | 29 | 56943 © || 31 | 59| 57270 1 | 1 | 89 | 57449 © 
bo 30 30 | 60| 9 
Vor. IV. No 42. Rr 
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Sj Experimen {s and refled ; ons upon the Pro- 
digious ductility of ſeveral bodies, by M. 
de Reaumur ; tranſlated by Mr. Cham- 


Art has its wonders as well as nature, and the 
reaſon why we do not . perceive them is, that 
they are always before our eyes. It is enough 
for us to ſupply our wants, or our luxury, with- 
out enquiring into ihe artifice we are beholden to 
for it, Of this we have an inſtance! in the 
wier-drawer's art: the perſon that wears lace or 
embroidery, ſeldom conſiders the formation of 
thoſe wonderful threads, but a few philoſophers 
have examined them, and have drawn excellent 
proofs from them of the prodigious diviſibility of 
matter which they might have carried ſtill further, 
if they had been acquainted with the full effect 
of the wier-drawer's art. They have even at- 
tempted to account for this extreme ductility of 
metals, though one of the greateſt ſecrets in na- 
ture, as depending on that very obſcure property 
* and having its obſcure difficulties be- 

ides, 180 2 —: 24455395 51 
As to the philoſophy of ductility, we have 
little to offer more than has already been done, 
but as to the management and application of it by 
art, we are in a condition to diſcover ſeveral 
things, accordingly, having had occaſion to make 
leveral experiments on this head; we ſhall here 
produce them, and examine the effects of ducti- 
lity in very different bodies. It will afford no diſ- 
agreeable ſpectacle to ſee collected, as into one 
point of view, all that is remarkable on a ſubject 
ri | wherein 


- 
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wherein art and nature ſeem to ſtrive which ſhall 


furniſn moſt curioſities. 
Ductile bodies are thoſe, which when beat, 


preſſed, or drawn, ſtretch without breaking one 
way, almoſt what they looſe in another: ſuch 
are metals, which, by hammering, gain in 


length and breadth, what they looſe in thickneſs, 
or by being drawn thro' a wier-drawer's iron, be- 
come longer in proportion, as their thickneſs is 
leis; we have alſo another kind of bodies, which 


tho? not malleable like metals, may yet be ac- 


counted ductile, as glue, gums, reſins, and all bo- 
dies which being ſoftened by water, fire, or 
any other diſſolvent, will draw out into threads. 


Hence ductile bodies may be divided 
into 2 claſſes, the firſt whereof comprehends 
thoſe which are hard and malleable, of which 
we ſhall treat in the firſt place; the ſecond con- 
fiſts of the ſoft bodies, which tho? not malleable, 


are capable of being drawn out. 
The common method of extending the firſt 
kind is, by beating them with a hammer: thus 


it is the artificers in gold, ſilver, copper, and 
pewter, reduce maſſes of thoſe metals into what 


figure they pleaſe; but tho? this kind of manufac- 
ture deſerves more attention than is commonly be- 


| ſtowed on it, we ſhall not dwell thereon, our de- 


ſign being only to conſider ductile bodies with re- 
gard to the great extenſion they are capable off. 


The gold beaters, by bare means ot a — 


reduce that metal into plates inconceivably thin: 


thus it is they prepare thoſe leaves commonly 
uſed in guilding, which all come from — 4 
ingot, gradually made thinner and thinner, till 
at length the leaves become light enough to be 
blown away by the ſlendereſt puff: to learn in 


lome ſurer way, than by the accounts of the 
Rr2 work 
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workmen, to which Robault confided, how 
far gold may actually be ſtretched in this method, 
I took a quantity of the thinneft leaves, ſuch as 
thoſe in their common books, and after meaſuring 
them carefully, weighed them in a fine ballance, 
by which means I found, that a grain of gold was 
here beaten into an extent of 36 ſquare inches 2, 
and 24 ſquare lines, on which footing, an ounce 
of gold, which, in a cubic form would only have 
meaſured 5 lines 35, either in breadth, length, or 
depth, and which would only cover a ſurface of 
about 27 ſquare lines, when ſtretched by the 
gold-beater, will cover upwards of 146 Gon 
feet Z, a degree of extenſion greater by almoſt 3, 
than they were able to give leaf- — 90 years 
ago. It was looked on with ſurprize in father 
Mer ſenne's time, that an ounce of gold might be 
made into 1600 leaves, which altogether, only 
covered 105 ſquare feet ——2z»-It would be te- 
dious here to explain how the art arrived at its 
| Preſent perfection. We ſhall not ſo much as 
mention the ingenuity of the operators, who, 
from bullocks gutts have procured: that delicate 
parchment without which gold could not be re- 
duced into leaves ſo thin. 

After all, how conſiderable ſongs Fans exten. 
ſion of gold may be in the leaf, it will appear 
but a ſmall matter, when compared. with that 
which the gold wier-drawers give it. There are 
ſome leaves of beaten gold, which in certain pla- 
ces are not geg of a line thick; but of a 


line is a conſiderable thickneſs, when compared 
with the gold which covers the ſilver wier, com- 
monly ſpun upon ſilk. 

To conceive the extent to which gold is chin 
ſtretched, and how prodigiouſly thin it muſt be, 
it will be neceſſary to have a general idea of the 


gold- 
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gold-beater's art. What we call gold wier, e- 
very body knows is only ſilver wier gilt, and is 
drawn from a thick bar of ſilver; they take ſuch 
bar, weighing about 3016. and rounding it into 
the form of a cylinder or roller, about 15 lines in 
diameter, and 22 inches long; they gild it with 
leaves prepared by the 'gold-beaters, the leaves 


however employed for this purpoſe are thicker | 


than thoſe intended for common gilding, and 
they frequently apply ſeveral, one over another, 


but tho* the layer of gold be here thicker than in 


other gildings, yet is ĩt very thin, as may eaſily be 
inferred from the quantity of gold therein. To gild 


theſe 30 16. of ſilver, they never uſe above fix 


ounces of gold, waich 1s enough even to make a 
ſuper- gilding; but the common proportion is 
only 2 ounces; and they frequently ſcarce allow 
one, where the wier is to be but ſlightly gilt, as in 
the common gold wier of Lyons. Upon the whole, 
the layer of gold, which covers the ingot, is ne- 


ver above I of a line thick, frequently only a 


zoth or 45th, and ſometimes barely a goth part. 
Tet how much thinner muſt this thin layer of 
gold be ſtill brought, and how many times divi- 
ded and ſubdivided ! The ingot itfelf cover'd with 
it, muſt be drawn to a great degree of fineneſs, e- 
qual, or even ſuperior to that of a hair; this is 
done by paſſing it ſucceſſively thro? ſeveral holes, 
each finer than the other, and in proportion as its 
diameter is reduced by the ſlenderneſs of the hole, 
its length is increaſed, and conſequently its ſur- 
face augmented, yet the gold, which covers the 
ſilver ingot, ſtill continues to cover it, how prodi- 
giouſly ſoever extended, nor ever leaves the ſmal- 
leſt point bare. Now how many diviſions muſt 
it have undergone, when the ingot is reduced into 


7 
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a thread, whoſe diameter is 9000 times ſmaller | 
than that of the ingot. 91 Fat, 
Jo give a further *. 4 the prodigincs dueti- 
lity of gold, I weighed 3 a drachm of the fineſt 
wier, and meaſuring it with care, found it 202 
feet, conſequently the ounce of wier was equal to 
3232 feet, and the pound, or 12 ounces, to 
38784; the ingot therefore, which weighed 301. 
and was only 22 inches long, had now arrived at 
the length of 1163520 feet; ſo that reducing the 
feet into fathoms, and taking the league of 2000 
tathoms, the 22 inches length will be found ex- 
tended into 96 leagues and 196 fathoms) an ex- 
tenſion vaſtly ſuperior to what father Mer ſenne 
and Furetier mention; the latter of thoſe gentle- 
men obſerves after the former, that Z an ounce of 
wier will reach 100 fathoms and mins ; this more 
is very conſiderable, ſince 100 fathoms, for + an 
ounce, would only be 1200 feet for an ounce; 
whereas we have found it 3232 feet. Robault 
alſo ' comes far behind us in the extenſion. of- 
old. a 1 1980 
i But the ingot, tho reduced. into 8 gender 
wier, is not left here, but remains to be lengthened 
ſtill further; the greater part of the gold wier is 
ſpun upon filk, and before ſpinning muſt be flat. 
ted, by. paſſing it between 2 wheels of poliſhed. 
ſteel ; and thefe wheels in thus flatting it, draw it 
out = more, ſo that the ingot is now arrived at 111 
jeagues long; theſe leaves of flatted wire are very 
lender, their breadth is only about + of a line, 
from whence it follows, that their thickneſs is only 
of a line, as appears by an eaſy calculus. For 


278 


the weight of a cubic foot of gold, and a cubic 
foot of filver, being known by accurate experi- 
ments; we ſuppoſe here that the cubic foot of 


gold weighs 21220 ounces, and the cubic foot of 
ſilver 
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filver 11 52.3, we ſhall not ſtand to' ſhew the me- 
thod whereby it appears that theſe filver-laminez 
are only. of a line thick: but inſtead thereof 
turn our eyes upon the extream thinneſs of the leaf 
gold which covers them; this will appear truly 
amazing, if we conſider the ſmall quantity of 
gold applied on the ſilver ingot; ſuppoſe 2 ounc 
as we have ſhewn that leſs is often us d by calcu- 
lation, it will appear, that the ſurface cover'd by 
theſe two ounces of gold, is 2380 ſquare feet, or 
that an ounce of gold covers 1190 - ſquare feet, 
whereas the yoke beaters can uy extend It to 146 
ſquare Nr. 
Nov how prodigiouſly thin nub the REP thus 
extended be, by the preceding calculus, we ſhall 
find its thickneſs only —£- of a line, and yet 
to have the gold which covers the ſil ver, this 
775555» the gold muſt be ſuppoſed equally thick 
in every part, which yet is contrary to all expe- 
Tlence, for how carefully ſoever the leaf gold be 
beat, eis impoſſible not to leave inequalities in it, 
tis evident from their greater and leſs tranſparen- 
cy, that they are at leaſt twice as thick in ſome 
places than in others, and conſequently in gilding 
the ingot, they will cover it very unequally, leav- 
ing the gold thicker by half in certain places than 
in others; now if we enquire, the thickneſs of the 
gold in thoſe parts where it is thinneſt, it will be 
2 found n ah the 262, nk _ of a 
ine, «1 
Yet, 1s not. this 2 a bee to hich 
the ductility of gold may be carried; in lieu of 2 
Ounces, - I need only have been uſed, in which 
caſe, the gold which covers the ſilver wire, would 
only have been in ſome places the 525,000th 
part of a line ; but what is more, this filver-wire - 
tor all its thinneſs might be made thinner by , 
I yet 
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yet ſtill remain gilt. All required hereto, is to 
ſqueeze it cloſer between the wheels, till the pro- 
| d extenſion be effected, and the wire, mea- 
ſure ath of a line broad; here therefore the gold 


which covers them __ be reduced to the 


1, ooo, oooth part of a line thick, in which calc, 
their thickneſs makes a leſs part of a line, than a 


line does of 1, 200 fathoms,  _ 
It may perhaps be ſurmized, that the gold i is 


much thicker than appears by this calculus, fince 


it may be divided into little ſeparate grains, yet 
placed ſo near each other, as to give its colour 
to the ſilver. In fine, it is very natural to ſup- 
poſe, that the gold which covered the flatted wire 
does not form a continued leaf; but experience 
ſhews the contrary; for upon diſſolving ſame, of 
the gilt threads in aqua fortis, how ſmall or thin 
ſoever they may be when the menſtruum has had 
its effect, they will be found turned into ſo many 
ſmall hollow tubes, the aqua fortis having eat out 
the ſilver, but left the gold intire ; whence it ap- 
pears, that the gold which covered the ſilver, 
forms one continued body; and conſequently, we 
are able by art to divide a piece of gold, a line 
thick, into a million different leaves. 


The art of extending ſoft bodies has not y. 4 


been carried near ſo far. The only body of t 
kind that we can ſtretch any thing e, is 


glaſs ; and it will appear extreamly ſurpriſing that 


a ſubſtance, which of all others, is the moſt brittle, 
and ſtubborn, ſhould be laid down: as the firſt 


among ſoft ductile ones; tis known indeed, that 


when tuſed by the fire, the wor kman can faſhion 


it like ſoft wax; but what is moſt remarkable, 


and neayJieft concerns our preſent ſubject ĩs, that 
it may be drawn out into threads in nceivably 


lender, a common ſpinner does not form. ber 
| threads 


1 * * n = 
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threads of flax or hemp with half ſo much facility, 
as 2. glaG-man will make threads of this brittle 
Few peopk but have ſeen a ſort of plames 
uſed in the toppings of childrens caps, and in 
other ornaments, which tis well known, are no 
other than-bunches of glaſs threads, tho?-finer than 
any hairs, and bending like them, by the ſmalleſt 
breath of wind. A manufacture ſo very extra- 
ordinary, would doubtleſs bear a very high price, 
were it not ſo very ſimple, and eafy to be per form- 
ed; it employs 2 perſons at the ſame time, but 
ſcarce requires any fſkill' or dexterity in either of 
them , r ine RE I 
The rft holds one end of a piece of glaſs over 
the flame of a lamp, and when it is ſufficiently 
ſoftened, the other applying one end of a glaſs 
hook thereto, draws it away again without ſepa- 
rating it from the reſt of the maſs, then fitting 
this hook upon the cireumference of a vertical 
wheel, about 2 feet. ? in diameter, not unlike a 
common ſpinning wheel, nething remains but 
to turn it about; for in proportion as it turns, it 
draws part of the melted glaſs towards it, which 
part ſtill adhering to thoſe before and after them, 
form a thread which winds round the rim of the 
wheel; each revolution lays on a new round of 
thread, till at length the circumference of the wheel 
is covered as it were with a skain of glaſs thread; 
the melted maſs diminiſhing apace, and winds 
out hke a clue on the rim of a wheel ; the parts 
as they recede from the lamp, grow cool, and 
ſtick faſter to each other; the reſt which are near- 
er the fire remaining loofe : and thus continually 
_ obeying the attraction of the former. Nor is the 
workman obliged to turn his wheel flowly, for 
tear of breaking the thread; he may turn as 
Vor. IV. . Sf ſwift 


4 
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ſwift, and diſpatch his work as faſt as he pleaſes, 
without the thread breaking at all the des N. 
The threads thus formed, are not uniformly 
round, but their circumference is a very flat oval, 

being twice or thrice broader than thick ; ſome of 
them are extremely fine, ſcarce ſhort of the thread 
of a ſilk worm; and accordingly theſe: are flexi- 


ble to a ſurpriſing degree. One may knot the 


2 ends of ſuch a thread, and draw them till the 
hole in the middle be ſearce 2th of a line in An- 


meter e'er it will break. 


How ſtiff ſoever, and inflexible gut apprkee 


in the lump, it is not eſſentially ſo : if we had the 


art of drawing much finer threads, they would be 


more flexible in proportion; whence it may be 


concluded, that if we could draw threads as ſlen- 


der as thoſe wherein the ſpiders lay their eggs, 


we might make glaſs threads proper to be wove 


in ſtuffs; and that if glaſs be not malleable, it 


may however (if I may uſe. the term) be texa- 
ble. I have tried ſeveral ways for making glaſs 


threads vaſtly finer than is commonly done, but 


have not been able to get them to the neceſſary 
length. The danger is in giving too great a de- 
gree of fuſion to a matter ſo very thin, as that 
which muſt here be uſed, not to mention the 
difficulty of drawing it gently enough, and in an 


equable manner. The method which ſucceeded 


the beſt is, that which follows; I took' a glaſs 


thread ſeven or eight inches long, and ſuſpending 
it in the air by one end, I loaded the other end 


with a piece of wax hardly weighing a tenth 
part of a grain, which: yet was enough to draw 
the glaſs thread downwards, Near the thread 


thus ſuſpended, I drew a little taper ; upon the ar- 
rival whereof, at a certain degree of nearneſs, I 
could perceive the little weight deſcend i in 9 


by 
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by this means I frequently ſtretched, a piece of 
thread æth of an inch long, to the extent of nine 
or ten inches, but have rarely been able to go 
much further, by reaſon the ſlighteſt breath of 
wind would blow the flame of the taper ſo near 
the thread, as to. melt! and break it; it was not 
eaſy to make a ſufficient number of threads in 
this manner, whereof to oompoſe one pretty thick 
one; but by the experiment I learned, that one 
may make threads of glaſs finer than thoſe of any 
ſilk- worm. Thoſe I drew in this manner ſeemed 
almoſt as fine as a ſpider's threads. I would wil- 
lingly have learned to what degree they were 
flexible, for they appeared to be prodigiouſly ſo; 
but they were too fine; and ſhorr; and their num- 
ber too ſmall for this purpoſe. 5 
Thus much is certain, that the matter whereof, 
even the ſpiders and ſilk-· worms ſpin their threads, 
is brittle in the maſs; like all dry gums, as J have 
tried, by letting it dry; and it may be added, that 
tho*. the threads ſpun hereof were leſs flexible than 
they. are, they might nevertheleſs be woven, 
| whence it ſeems to follow, that we only want the 
art of extending the glaſs, to be able to work it 
into cloth. In effect, if the glaſs threads were 
fine enough to give them the flexibility neceſſary 
for weaving, they would naturally be ſtrong e- 
nough to prove their ſtrength. I hung ſeveral 
weights to the fineſt glaſs threads, which the work- 
men make, and found that one ſingle thread 
would ſuſtain 15 drachms, or near 2 ounces with- 
out breaking; tis true theſe threads were 3 or 4 
times broader than a thread of a filk-worm, bur 
they did not ſeem any thicker, whence it ſeems 
to follow, that they would be conſiderably ſtrong- 
er than the threads of a ſilk- worm, even though 
3; 1. eee e Sf 2 SR e 
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that between their ſolid contents. Acco 
ing a large bunch of the fineſt of — ret 
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they were equally. ſlender, ſince one of the ſtrang- 
eſt threads of ſilk will only ſuſtain-2:drachms 1, 
whoſe ſtrength of conſequence is _ —.— — 
a glaſs thread. A diſpraportion much 


and dividing them into ſeveral portions, — 
twiſting theſe together as barbers plait treſſes of 
hair, we find them very ſtrong, not but ſeveral, 
other threads will — in ts plaiting 3 and 
after all, there is no likely hood that any great ad · 
vantage will ever be procur'd from glaſs threads. 
Gums, reſins. and wax, are alſo ductile ſoſt 
bodies, but none of them are much conſidered by. 
artificers in that capacity; *tis true the waz-' 
chandler's draw their torches or tapers through 
holes, like thoſe of a wire-drawer, but this is not 
to extend, but to make them round and fmooth.: 
If we be defective in the management of the 
claſs of ductile ſoft bodies, tis in ſome meaſure 
compenſated by that artifice found in ſeveral ani- 


mals, for extending it beyond all imagination; 


ſo that we have nothing to do but employ the 
threads prepared. for us. Tis obvious we here ſpeak. 
of the ſilk- worm's threads which are formed of a 
viſcous matter iſſuing from the body of the in- 
ſect, which arrives at a conſiſtence much as glaſs 
threads become hard, by receding from the lamp, 

tho' from a one caule, as ſhall. be ſhewn 
hereafter, nor ſhall our enquiry into the extenſion 
of ductile ſoft bodies, terminate in the ſilk of 


worms. Theſe animals which yield the moſt profit, 


rarely afford us the moſt curioſity, but nature on 
the contrary, ſeems to have beſtowed moſt art in 
the contrivance of thoſe which are troubleſome 
to us, and for which we even have an averſion ; 
thus fpiders, thoſe miſchievous inſects, which pro- 

3 bably 
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bably. would not ſpin at all, unlefs to incommode 
— as we have already ſhe vn, in an enquiry into 
the produce of their ſilk, in the memoirs for the 
year 1710, are incomparably better fitted than 
filk-worms, to ſhew how für nature can go in 
tending a viſcid juice. In the diſcourte al- 
ready cited, we only ſpoke occaſionally of the ex- 
tream” fineneſs of their threads, to prevent di- 
greſſing too far from tlie principal point, we thall 
now examine a little nearer, and inſpect that ads: 
mirable mechaniſm” whereby they are formed. 
The illuſtrious Malpigbi in his anatomy of the 
filk-worm, deſcribes the parts from hence their 


 fikis derived, and we ſhall find another appara« 


tus in the body of ſpiders near the ſpiders 
tail there are fix teats or papillæ , the end of 
each whereof is a ſpinning inſtrument, through 
which the threads are drawn; theſe moulds or 
ſpinning inſtruments are inconceivably ſmall, in 
a compaſs leſs than a pin's head. There are e- 
nough of them to give riſe to a ſurpriſing mul - 
titude of threads, as may be eaſily perceived by 
their effects; taking a large garden ſpider ready 
to lay its eggs, and applying a finger on one f 
its papillæ, as we withdraw the finger, a ſurpri- 
ſing quantity of ſeparate threads will come after 
it, as ſnewn by KAMN, Sc. I have endeavour- 
ed to learn their number by uſing a good mi- 
croſcope, and have frequently told upwards of 70 
or 80, but could eaſily. perceive that they were 
infinitely more, tho” they all aroſe from a ſmall. 
part of the papillæ. In effect, if I were to ſay 
that the end of each papilla furniſhes a thouſand 
threads, the number would perhaps be thought 
exceſſive, and it appears to me much too ſmall 

to expreſs the number of theſe n as every 


* Plate VI. Fig. 9. 
1 body 
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body may be convinced, by examining a papilla 
of a chamber ſpider with. 'a' microſcope/}'!''In 
this contemptible inſect we find a beautiful 
ſtrufture z the end of the papilla is divided into 
a multitude of ſmaller eminenees, much like flies 
or |. butterflies eyes, and each eminence doubtleſs 
ſerves to make a different thread, or the ſeveral 
dents between the eminences may perhaps be 
pierced; and thus give paſſage to ſo many threads, 
the little eminences only ſerving to keep the threads 
from mixing together; theſe eminences are not ſo 
fenfible as the papillæ of garden ſpiders, but in 
lieu thereof we find a foreſt of little hairs; which 
may probably anſwer the ſame purpoſes be this 
as it will, it appears inconteſtable, that from each 
papilla of a ſpider, there may ariſe threads from 
above a thouſand different places, and conſe- 
quently the animal having 6 papille, may give 
paſſage ro 6000 threads ; nor is the artifice of na- 
ture barely ſeen in piercing ſuch immenſely ſmall 
holes, but the threads are already formed when 
they arrive at the papillæ, each of them having 
its little canal or vagina apart; in effect, we find 
them formed and ſeparate from each other at a 
great diſtance from the papille, and to explain 
the whole mechaniſm, we muſt go back as far as 
the ſource: of the juice they are compoſed of. 

In inſects ſo ſmall and ſoft ſuch delicate parts are 
hardly diſtinguiſhable without a little attention, 
but boiling the animal, or drying it, or leaving it 
a few hours in ſpirit of wine, renders all the eſ- 
ſential parts viſible without a microſcope. Near the 
riſe of the belly, as at DD“, we find two little 
| ſoft bodies, which are the firſt ſources of the ſilk in 
figure” and tranſparency 3 they reſemble glaſs 
drops, whence for the conveniency of expreſſion, 


* Fig. 7. 


WC 
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we ſhall; not ſcruple to call them drops *.; the 
point of each drop goes winding as in R, and 
— a multitude of bends towards the pa- 
pille. From the baſe of the drop proceeds another 
branch much bigger than the former, as 8, which 
making alſo a greater number of folds, forms 
ſeveral knots, and advances like the other towards 
| ihe; hind; part of the ſpider. 
1,have ſometimes- unfolded. this laſt branch till i it 
were g or 10. inches long, tho' only a part of it 
were then unfolded. The drop and branches 
which ariſe from them, contain the matter whereof 
ſilk is to be formed; but this matter is yet ſoft, 
and unleſs the ſpider have been dried, will hard- 
ly draw out into long threads. The body of the 
drop may be conſidered as a reſervoir, and the 2 
branches as canals proceeding from them. If the 
ſpider be not over- boiled, the branches will be vi- 
ſibly ſeen inveſted with a membrane which pre- 
vents the tranſparency of the liquor from appear- 
ing, but by rubbing the canal gently, this mem- 
brane comes off a little further; behind, there 
are 2 ſmaller drops which ſend forth one more 
branch from their point, ſo that on each ſide the 
ſpider there are 3 drops which ſend forth their 
liquor, by 3 canals, to the proper reſervoirs from 
whence it is immediately ſupplied: for the lama, 
tion of ſilk, __ 
On each ſide the ſpider, as at EE +, toms are 
three other bodies, which may be conſidered as 
the ultimate reſervoirs, wherein the liquor is ga- 
| thered ; theſe we call the grand reſervoirs ; they 
are much bigger than the drops, and the three 
which are on the ſame {ide are ranged in ſuch 
manner Ws each other, that * —_— ſeem 
* Fig. 10. f Fig. 2. Fig. 125 Ir n 
| to 


body may be convinced, by examining a papilla 
of a . chamber-ſpider with a microſcope. In 
this contempt ible infect we find a beautiful 
ſtructure; the end of the papilla is divided into 
a multitude of ſmailer eminences, much like flies 
or butterflies eyes, and each eminence doubtleſs 
ſerves to make a different thread, or the ſeveral 
dents between the eminences may perhaps be 
pierced; and thus give paſſage to ſo many threads, 
the little eminences only ſerving to keep the threads 
from mixing together; theſe eminences are not ſo 
ſenſible as the papillæ of garden ſpiders, but in 
lieu thereof we find a foreſt of little hairs; which 
may probably anſwer the ſame purpoſes— be this 
as it will, it appears inconteſtable, that from each 
papilla of a ſpider, there may ariſe threads from 
above a thouſand different places, and conſe- 
quently the animal having 6 papillæ, may give 
paſſage ro 6000 threads; nor is the artifice of na- 
ture barely ſeen in piercing ſuch immenſely ſmall 
holes, but the threads are already formed when 
they arrive at the papillæ, each of them having 
its little canal or vagina apart; in effect, we find 
them formed and ſeparate from each other at a 
great diſtance from the papillæ, and to explain 
the whole mechaniſm, we muſt go back as far as 
the ſource of the juice they are compoſed of. 

In inſects ſo ſmall and ſoft ſuch delicate parts are 
hardly diſtinguiſhable without a little attention, 
but boiling the animal, or drying it, or leaving it 
a few hours in ſpirit of wine, renders all the eſ- 
ſential parts viſible without a microſcope. Near the 
- Tife of the belly, as at DD“, we find two little 
| ſoft bodies, which are the firſt ſources of the filk in 
figure and tranſparency; ; they reſemble glaſs 
drops, whence for the conveniency of expreſſion, 


* Fig. 7. 


we 
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we ſhall, not ſcruple to call them drops * ; the 
point of each drop goes winding as in R, and 
— a multitude of bends towards the pa- 
pille. From the baſe of the drop proceeds another 
ney much bigger than the former, as 8, which 
making alſo a greater number of folds, forms 
ſeveral — and advances like the other towards 
* hind: part of the ſpider. 

I have ſometimes unfolded this laſt brangh till; i 
were 9 or 10 inches long, tho' only a part of it 
were then unfolded. The drop and branches 
which ariſe from them, contain the matter whereof 
ſilk is to be formed; but this, matter is yet ſoſt, 


and unleſs the ſpider have been dried, will hard- 


jy draw out into long threads. The body of the 
drop may be conſidered as a reſervoir, and the 2 
branches as canals proceeding from them. If the 


ſpider; be not over- boiled, the branches will be vi- 


ſibly ſeen inveſted with a membrane which pre- 
vents the tranſparency of the liquor from appear- 
ing, but by rubbing the canal gently, this mem- 
brane comes off a little further; behind, there 
are 2 ſmaller drops which ſend forth one more 
branch from their point, ſo that on each ſide the 
ſpider there are 3 drops which ſend forth their 
liquor, by 3 canals, to the proper reſervoirs from 
whence it is immediately ſupplied for the lama, 
tion of ſilk. 

On each ſide the ſpider, as at EE +, XS are 
three other bodies, which may be conſidered as 


the ultimate reſervoirs, wherein the liquor is ga- 


thered ; theſe we call the grand reſervoirs ; they 
are much bigger than the drops, and the three 
which are on the ſame ſide are ranged in ſuch 
manner by each other, that a only ſeem 
Fig. 10. + Fig. 7. ][ Fig. er e ace 
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to form a ſingle body, they are very difſerent in 
figure, and yet have this in common, that each 
of them makes 6 or 7 bends, and are pretty 
equably thick throughout, tho" one of their ex- 
tremities is bigger than the other, the larger end 
as VVV, is next the head of the inſect, and the 
ſmaller TTT, next the anus; theſe latter termi. 
nate in a point, and almoſt meet 2ach other, like 
the three middle fingers of the hand. From the 
three points of theſe reſervoirs proceed the threads, 
or at leaſt the chief parts of- the threads, which 
iſſue at the three papillæ, each reſervoir being 
deſtined to ſupply one papilla; this is not diff 
cult to perceive, for not only the point of each of 
| theſe reſervoirs is ſeen terminating in a thread; 
but if the adjacent parts be dexterouſly managed, 
we perceive a multitude of threads which proceed 
from theſe bodies, and may be traced to the pa- 
Pillæ. | 
In fine, at the origin of the papille we diſco- 
ver ſeveral fleſhy tubes, and have reaſon to ima- 
vine, that there are as many papille, If the mem - 
brane or pellicle which ſeems to cover theſe tubes 
be removed, we find them full on the inſide, with 

threads all diſtin from each other, and which of 
conſequence, under one common cover, had each 
of them their parcicular one. 

*Tis true, upon tracing theſe threads we find 
ſeveral of them which come further off than the 
points of the grand reſervoirs, ſome of them ſeem 
to come from the middle, others a little lower, 
and others a little higher ; fo that the whole mul- 
titude of threads collected near the papillæ of the 
ſpider do not all ſeem to ariſe from the points of 
the reſervoirs ; *tis more probable that ſome ariſe 


from the ſeveral angles, or perhaps from other 
parts 
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tain is, that theſe bodies ſeem to have one com- 


mon tegument, and that there are a multitude of 
threads which follow all their winding. 


As to the manner wherein this juice is gathered 


in the drops, and its paſſage thence. into the 
grand reſervoirs, the eye can give us no informa- 
tion. Malpigbi, as clear ſighted as he was, content; 
ed himſelf with deſcribing the veſſel wherein the 
liquor of his filk-worm is collected, without ei · 
ther explaining the manner wherein it comes thi- 
ther, or its paſſage out again. What then can be 
expected from us, in an inſect much ſmaller than 
the ſilk-worm, and which contains 6 or 7 thou- 
ſand times more parts? Twill be enough for us 
to make ſome reflections on the prodigious ducti- 
lity of the matter whereof their threads are com- 
poſed, and the immenſe fineneſs of the holes, thro? 

which they paſs, and the tubes they are moulded 
in. 

We have abſerved, that from the end of each 
papilla there may iſſue upwards. of a thouſand 
threads, yet chis end of a papilla is no broader 
than a pin's head, and the holes are of neceſſity 
ſeparated from each other by intervals which muſt 
be greater by much than the holes themſelves; 
and this even in the largeſt ſpiders: for if we con- 
ſider the young ones produced by theſe, we ſhall 
find them to ſpin threads the moment they quit 
their neſt; theſe threads tis true are hardly to be 
perceived but the webs. formed of them are ſuf- 
ficiently viſible, being frequently as thick and as 


cloſe as that of a chamber- ſpider; and this by 
reaſon 4 or 5 hundred voung ſpiders concur to the 


ſame work. How ſmall now muſt the holes be thro? 
which theſe threads are drawn? The imagination 
Vor, I. © can 
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can hardly reach the ſmallneſs of one of theſe pa- 
pillæ. The whole ſpider perhaps is ſcarce ſo big as 


a ſingle papilla of one of the parent ſpiders, as may 


2 


be eaſily ſhewn; for every pregnant ſpider lays 4 
or 5 hundred eggs, which are all incloſed in a ball; 
and as — a young {ſpider has broke thro? this 
ball, they begin to ſpin. How lender then muſt 
each of the threads be that iſſue from each papil- 
la] It were perhaps needleſs to ſhew, that nature 
can carry the ductility of this matter ſtill further, 
otherwiſe it might eaſily be done; for ſome ſpi- 
ders are ſo ſmall at their birth, that there is no 
diſtinguiſhing them without a microſcope. They 
are of a red colour, and being gathered in large 
crowds, ſeem only to the naked eye, like cluſ- 
ters of red ſpecks; and yet all of them, how im- 
perceptible ſoever, make webs, and PONY 
ſpin. What then muſt the tenuity be of the threads 
which iſſue from the holes of their papillæ? A 
hair compared to one of theſe threads muſt be 


thicker than the largeſt bar or ingot compared to 


the ſlendereſt ſilver- wire. To ſay no more, theſe 


threads, which however are conſiſtent, and han 


7 


together, are leſs in diameter than the thinne 
layer of gold which covers the fineſt ſilver- 
We have already obſerved, that the matter 


whereof theſe threads are formed, is a vifcous 


juice; its firſt appearance is in the drops above- 


mentioned, where it has but little conſi ſtence; but 


we find it much improved in the grand reſer- 
voirs, to which it is tranſmitted from the drops. 
We ſuppoſe a conſiſtence required in the way by 
a ſecretion of part of the moiſture, or aqueous li- 


quor mixed therewith, made by parts deſtined for 


that purpoſe; but the liquor dries ſtill further in 
5 its 
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its paſſage to the papillæ, thro? proper canals, till 
at length, it becomes thread. At its appearance 


without the bog, it till remains ſoft, and gluri- 


„ 


7 - 


nous, ſo that the threads, of different holes ſtick 
together at ſome diſtance therefrom, and the mat- 
ter Joes nat, becarpe, Ferse A, fäl ch air 
has exhaled:the reſt of its, moiſhuge, e. 
Thus much is eaſily proved by drying a lar 
ſpider by the fire, or boiling it in water. A litt 
drying or boiling will give the matter in the drops 
a ſufficient conſiltence to fit it to be drawn out in- 


to threads, and at the ſame time will unfit that in 
the grand reſervoirs from being drawn 3 but boil- 
ing the ſpider to a further degree, the matter in 
the drops becomes a Kind of hard glue, incapable 
of any further drawing; whence it appears evi- 
dent, that it is by drying or evaporating the uſe- 
170 moiſture, that the matter of ſilk becomes 
ah 


| Twas well nigh betrayed indeed by a ſpecious 


experiment int an opinion, that it is not by the 


evaporation of an aqueous matter, that the 
threads of filk acquire their conſiſtence. Drawing 
out ſome threads — the hind part of a ſpider, 
and winding them on a ſtick, I plunged the ſpi- 
der, ſtick and all, in water, and continuing to 
turn the ſtick about, found the ſilk threads conti- 
nue to iſſue from the papillæ as before. 
was not yet in the ſecret of the method of the ſpi- 
der's ſpinning, nor knew that the threads had ac- 
quired a conliſtence before they iſſued from the 
holes: this conſiſtence, tis true, is yet defective, 
but ſuffices to make them hang together; and 
they continue to dry in the water. A proof 
hereof is, that if the drops, or the grand reſer- 
voirs, be ſteeped in cold water, the contained 
| | p is & matter 
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matter gains no conſiſtence thereby; on the con- 
, If the matter, either of the drops, or the 
rand reſervoirs, be left a while in ſpirit of wine, 
it will acquire the ſame conliſtence, as if the ſpi- 
der had been dried. | 
We may add, that the matter in theſe roles 
voirs reſembles Glk in its colour, tho* in no o- 
ther quality. Tis much like a gum, or a tran- 
ſparent glue, and breaks when bent to a certain 
degree, or a certain number of times, like glaſs. 
It is only flexible when divided into very ſlender 
threads; and if nature have multiplied the num- 
ber of holes in the papillæ, tis probably becauſe 
the ſilky matter formed in their bodies, is natu- 
turally more brittle than the matter of ſilk- worms; 
and requires to be divided in ſmaller parts. With- 
out this, what neceſſity was there for forming 
ſuch a number of ſeparate threads to be united 
again after, when a ſingle canal might have made | 
a thread big enough at once ? | 
is probable, that the matter in the Wie 
never grows perfectly dry, even in the air; but 
that the middle parts ſtill remain a little moiſt; 
the external ſurface muſt neceſſarily dry the firſt; 
and this ſurface, when dried, is indiſſoluble by 
water, and impenetrable by it; and conſequently 
muſt prevent their moiſture in the middle of the 
maſs from eſcaping, as well as the external moi- 
ſture from entering; and this probably was one of 
the reaſons why ſpiders threads are naturally ſo 
ſmall, ſince to make them ſtrong they muſt be 
very dry; and they never would have been ſuffi- 
ciently dry if they had been leſs ſlender. 
It would now be time to explain from whence 
the prodigious ductility of this matter ariſes, but 


it 18 rather time to deſiſt, the length of our me- 
moir 
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moir being but ill atroned for by cloſing the reci- 


tal of certain facts without realonings, which are 
always precarious. | 


An explanation of the K in fiat W. 


5 Fig. 6 is one of the ſpecies of ſpiders, which 
ſpin filk, ſeen at the upper part. riiles 

Fig. 7. the ſame ſpider ſeen anderneads, AA 
mark the Place: where the ae is en to the 
breaftl. 

At B are the papille and the anus. 

DD ſhew the place, where the firſt reſervoirs, 
which we call drops, are placed. | 

EE ſhew the place where the laſt reſervoirs 
are. 

Fig. 8. is a part of the belly of a ſpider mag 

nified. | 
P'ͤ is the anus. 

GGGG are hs 4 great papille, viſible only 
when the ſpider holds them as in this figure, 
which it commonly does when one holds it. 
Fig. 9. is alſo a part of the belly of a ſpider 

magnified z it ſhews all the papillæ diſpoſed as 
oÞ are when one — the belly of the in- 
ect 
HH are the two moſt diſtant papillæ from the 
anus, A bundle of threads 4 comes out of 
one of theſe papille, 

II are two great Popille, almoſt equal to the 
former. 18 

KK are two ſmaller papille,. | 

L is a fleſhy part which covers the an of 
the ſpider, it raiſes it up, to let the excrements go 
out, | 


OMP 
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OM are 3 papille magnified: z different ff * 
cies of ſpiders have them differently made. 5 
O is one of the papillæ H. 05 
M is one of the papille I. It: appears that , 
rodigious number of ſeparate threads N Proceed 
om this. 

P is one of the middle papilla K; all the forts 
have a quantity of hairs z but it would have m 
them too confuſed, if we had put all that the mi- | 
eroſcope diſcovers. _ 

Fig. 10. RQS is one of the reſervoirs which 
we have called drops; the part Q is the neareſt to 
AA in fg. 7. R is part of the drop ending in a 
point. S is that which makes a net-work, be, 
fore it arrives at the great reſervoirs, 

Fig. 11. are 3 of the great reſervoirs placed « one 
above another, but not quite ſo near as they are 
naturally. Our view was to ſhew that they are 
three. In the animal they ſeem at firſt ſight to 
make but one body. VVV are the neareſt ends 
to the head of the inſect. | 

TTT are the fineſt ends, and the neareſt to 


the anus. 
Fig. 12. is one of theſe reſervoirs ſeen Ph 


rately. 


VI. Neglackrant on | the ohfervat ons of the Tide 
by M. Caffini*. 


| Philoſophers are not yet agreed as to the cauſe 
* effects of the flux and reflux of the ſea. 

Poſſi donius, according to Strabo, ſays, that the 
mot ion of the ſea 1 imitates the revolution of the 


* Aug. 2, 1713. 
| hea- 
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heavenly bodies, and that there is in the flux of 
the ſea a daily motion, another which follows 
the revolution of the lunar months, and an annual 
one. 

That the diurnal motion is that Aich the ſea 
makes in riſing and falling twice in the day, 'that 
the monthly motion ſhews itſelf by the different 
heights of the tides, which are great toward the 
new moons, diminiſn to the firſt quarter, and 
increaſe to the full moon, after which they fall 
again. As for the annual motion, he had learned 
from the inhabitants of Cadiz, that toward the 
ſummer folſtices the fluxes and refluxes of the 
ſea were the greateſt, which made him conjecture, 
that they diminiſh to the autumnal equinox ; that 
they afterwards increaſe to the winter ſolſtice, af- 
ter which they diminiſh, and ſo on ſucceſſive- 
ly. 

. Pliny affirms, that the ſun and moon are the 
cauſe of the flux and reflux; he ſeems to be of the 
ſame opinion with Pf genius, as to the daily mo- 
tion of the flux and reflux of the ſea, and in that 
which is obſerved in each revolution of the moon; 
but he affirms on the contrary, that the greateſt 
tides happen in the equinoxes, and the ſmalleſt in 
the ſolſtices; and that they are alſo greater in the 
autumnal equinox, than in the vernal. He adds, 
that the tides are leſs when the moon is northern, 
and diſtant from the earth, than when it is ſou- 
thern, and its force acts nearer; and that in the 
ſpace of eight years, after 100 revolutions of the 
moon, the ſame principles of the motion of the 
tides, and the ſame augmentations are obſerved. 
He obferves laſtly, that all theſe changes do not 
happen exactly in the times here above marked, 


but ſome —_— after. The effects of things which 
paſs 
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2 e 


paſs i in the heavens are not elt u upon the Seh 0 


ſoon as they are ſeen. 


Several modern philoſophers have ally diſco a 


vered three ſorts of motions in the flux and ret 
of the ſea ; one which it makes twice every day; 
another Which follows the periods of the moon; 


and the third which is ſeen every year at che time 


of the equinoxes and ſolſtices. e 

They all agree with PI; ny in \ ſuppoſing chat the 
tides are greater in the equinoxes than in the ſol- 
ſtices ; but they differ among themſelves i in What 
concerns the cauſe of theſe phenomena. 1 
| Galileo is of opinion, that the principal cauſe 
of the flux and reflux of the ſea, proceeds from 
the motion of the earth about its axis, which it 
makes in 24 hours, during which it is carried on 
at the ſame time by its annual motion, which i it 
makes about the ſun in the ſpace of a year. Al- 


thoꝰ both theſe motions are made from the weſt to 


the eaſt, each point of the ſurface of the earth 
muſt have different degrees of velocity with rela- 
tion to a fixed point taken in the heavens, For b. 
the daily revolution of the earth, the parts expoſec 
to the ſun are carried off a different way to that b 
which the earth is moved by its own motion I 
on the contrary, the parts of the ſurface of the 
earth which are in the oppoſite hemiſphere to the 
ſun, are carried off by the daily revolution the 
ſame way by which they are carried on by its 
own motion; from whence there reſults a com- 
peund motion, the velocity of which is greater 


than in the preceding caſe, and varies according 
to the different directions of theſe two motions. 


The parts of the ſurface of the earth being there- 
fore moved ſometimes ſlower, and ſometimes 
faſter, in the ſpace of 24. hours, it follows, that 

3 the 
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the waters contained in the ſea, which cannot ex- 
actly follow the motion of the ſurface of the 
earth, are obliged to flow and ebb in the ſpace of 
a day, juſt as water contained ina veſſel would do, 
which being carried away with a certain degree 
of yelocity, on a certain ſide, would flow back on: 
the oppoſite ſide, and afterwards return toward. 
the other edge when this velocity ſhould begin to 
abate conſiderably. From hence he concludes, 
that there muſt be in it a flux and reflux in the 
ſpace of 24 hours; but becauſe of the water 
which always tends to be in equilibrio, and ſeveral 
accidents which may happen, as the different. 
depths of the ſea, and of the direction of the 
coaſts of the ſea which interrupts its motion, the 
flux may accelerate 2, 3, 4, 5, or 6 hours, which 
makes them commonly: obſerve in the Mediterra- 
nean the flux of the ſea every ſix hours, though i in 
other places we may find it different. 

With regard to the motion of the tides which 
follow the periods of the lunar months, he pre- 
tends that they are produced by the inequality of 
the motion of the earth, which acquires a greater 
degree of velocity when the moon is in conjunction 
than when it is in oppoſition. For this he ſup- 
poſes, that the force proceeding from the ſun acts 
in like manner at an equal diſtance from it, and 
moves with more velocity the bodies which are 
nearer the centre of their motion, than thoſe which 
are farther diſtant; from whence it follows, that 
the moon muſt have a greater degree of velocity 
in its conjunction, when it is nearer the ſun, than 
in its oppoſition, when it is farther diſtant from it, 
which alſo contributes to accelerate or retard the 
motion of the earth, like a pendulum, which 
makes quicker or flower vibrations, according as 

Yor. IV. Ne. 43. Uu | the 
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the plummet is placed nearer or farther from the 
centre of its motion. This inequality of the motion 
of the earth in the conjunctions and oppoſitions, the 
period of which is the fame as that of the revolu- 
tion of the moon, is the cauſe, as he imagines, of 
the inequalities that are obſerved in the tides in 
the courſe of a month. Stora: Oe 
As for the inequalities which are obſerved in 
the tides in the courſe of the year, Galileo ima- 
gines that they proceed from the difference which 
refults from the compoſition of the annual and 
daily motion, according to the different ſituations 
of the earth upon the ecliptic. For the daily revo- 
lution being made about the poles of the equator, 
and the annual revolution about the poles of the 
ecliptic, which is 23 degrees and diſtant from it, 
it follows that when the earth is in its tropicks, 
the circle of the declination concurs with the cir- 
cle of a latitude which is called colure, and both 
theſe revolutions are made in the ſame direction; 
whereas, when the earth is in the equinox, | theſe 
motions are inclined to one another in the direc- 
tion of 23 degrees and 2, from whence there pro- 
ceeds a different compoſition of motion from that 
which happens when the earth is in the tropics. Ac- 
cording to this author, there reſults from the dif- 
ference of theſe two compound motions ſome in- 
equalities which are the cauſe of that which is ob- 
ſerved in the ſolſtices and equinoxes. 5 
From hence he concludes, that the periods of 
the tide which are regulated according to the 
days, months, and years, all have for their firſt 
and principle cauſe the annual and daily motion 
of the earth; and that the ſun and moon come in 
only by accident. 5 ee 


D. 
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- Deſcartes, who ſeems better informed than Ga- 
lileo in the phenomena of the tides upon the coaſts 
of the ocean, and who knew that they there ob- 
ſerved regularly the flux and reflux of the ſea twice 
a a day, in the ſpace of 24 hours, 48 minutes, or 
| thereabouts, ſo that the ſea takes exactly 6 hours 
12 minutes in riſing, and as much in falling, 
attributed the principal cauſes of this phoenomenon 
to the motion of the moon. 
He judged that the celeſtial matter, which ſur- 
rounds the earth being moved by the daily motion 
with more velocity than the earth, was incloſed 
between the earth and moon, which obliged the 
earth to give way a little to the oppoſite ſide, That 
by this means its waters were compreſſed on both 
ſides, according to the direction of the moon to 
the earth, which made them flow back on both 
ſides to the diſtance of go degrees, where the 
greateſt height of the ſea was. That the moon be- 
ing arrived 6 hours, 12 minutes afterwards, at the 
diſtance of go degrees from the place where it was 
before the waters, which had been then raiſed, 
were compreſſed by the interpoſition of the moon, 
and the ſea conſequently was lower there than in 
any other place. And therefore it muſt have in 
the ſame place a viciſſitude of high and low ſea in 
the ſpace of 12 hours, 24 minutes, as has been ob- 
ſerved there. | | | 
As to the tides which in each lunation are high- 
eſt in the new and full moons, and loweſt in the 
quadratures, he pretends that this proceeds from 
the direction of the vortex of the earth, which ac- 
cording to his ſyſtem, 1s elliptical, and has its 
leſſer axis directed toward the ſun. That in the 
conjunctions and oppoſitions the moan is in this 
direction, and con ſequently the flux and reflux of 
Uu 2 f the 
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the ſea muſt; be greater than in the quadratures, 
when the moon is ſituated in the direction of the 
oreateſt axis of the ellipſiis. 
He adds at laſt, that the moon being always in 
a plane near the ecliptic, and the earth making 
its daily revolution according to the plane of the 
equator, both theſe planes interſect one another 
in the equinoxes, whereas in the ſolſtices they are 
very diſtant from one another; from whence. it 
follows, that the greateſt tides muſt happen to- 
ward the beginning of the ſpring and autumn. 
Kepler in his lunar aſtronomy * attributes the 
cauſe of the flux and reflux of the ſea to the bodies 
of the ſun and moon, which attract the waters of 
the ſea by a virtue almoſt like that of the load. 
ſtone. He owns it is difficult to explain by this 
means why the flux of the ſea is as great at mid- 
night when the ſun and moon are abſent, as at 
noon when they are preſent. However, he ima- 
gines that the flux of the night may be produced 
by the reflection made againſt the coaſt of Ame- 
rica by the waters, that the moon has carried 
away with her, and reciprocally by the reflection 
made againſt the coaſts of Europe and Africa, by 
the water that the moon brought at her return. 
Sir Jſaac Newton, in his Principia Mathema- 
tica adopts the opinion of Kepler, in attributing 
the cauſe of the tides to the attraction produced by 
the ſun and moon. According to his principles 
he finds, that the ſea muſt riſe twice every day, 
both ſolar and lunar; and that the greateſt height 
of the tide muſt happen in leſs than ſix hours after 
the paſſage of the ſun and moon through the me- 
ridian, as is oblerved in the eaſtern parts of the 
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Atlantic and Etbiopic oceans, between France 
and the Cape of Good. Hope, and upon the coaſts 
of Chili and Peru of the Pacific ocean where the 
flux of the ſea 8 much about the d 
hour. 
Theſe two motions which the ſun and the moon 
produce, are not perceived diſtinctly,” but make 
a compound motion. In the conjunctions and 
oppoſitions theſe two effects are joined together, 
and form the greateſt flux and reflux. In the 
quadratures the ſun raiſes the water in the place 
where the moon depreſſes it, and the fluxes and 
refluxes of the ſea, which reſult from this diffe- 
rence, are the leaſt that can happen in the courſe 
of a month, and becauſe according to expe- 
rience the effect of the moon is greater than that 
of the ſun, the greateſt height of the ſea muſt 
happen at the third lunar hour. He calls the lu- 
nar hour the 24th part of the time that the moon 
takes up in e to the meridian of the lame 
place. 
Sir Iſaac Newton alſo judges that the effects of 
the ſun and moon are greater in their Jeaſt diſtances 
from the earth than in tlie greateſt, and that in a 
triple ratio of the apparent diameters. That con- 
ſequently, all things being equal, the ſun being 
in the winter in its per igeum the tides muſt be a lit- 
tle greater than in ſummer; and that the moon 
being in its perigeum, the tides muſt be greater 
than 15 days before or after, when it is in its apo- 
geum. 
He adds, that the effect of the [Kin and moon 
depends upon its declination or diſtance from the 
equator, That if both theſe planets were in the 
direction of the pole, they would attract all the 
waters uniformly ; ſo that there would not be any 
| reciprocal 
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reciprocal motion; and therefore the ſun and 
moon in receding from the equator towards the 
poles, loſe by degrees their effort, and make the 
tides ſmaller in the ſyzygies of the ſolſtices, than 
in thoſe of the equinoxes; but in the quadrature 
of the ſolſtices, the tides muſt be greater than in 
the quadratures of the equinoxes, beeauſe the 
effect of the moon which is then in the equator 
exceeds that of the ſun. * $2050. HOT DÞ 
The greateſt tides therefore happen in the ſyzy- 
gies, and the ſmall in the quadratures which are 
about the time of the equinoxes, and the greateſt 
tide of a ſyzygy is followed by the leaſt of a qua- 
drature, which he ſays agrees with experience. It 
alſo proceeds from the diſtance of the ſun from 
the earth, which is leſs in winter than in the ſum- 
mer, that the greateſt and ſmalleſt tides oftener 
precede the vernal equinox than follow it; and 
oftener follow the autumnal equinox than precede 
_ Sir{ſaacNewton finds afterwards, that the effects 
of the ſun and moon depend alſo upon the latitude 
of places; that we may conſider the ſea as divided 
by the flux of the ſea into two hemiſpheroides, one 
of which is toward the north, and the other to- 
ward the ſouth ; that the tides of both theſe oppo- 
ſite hemiſpheroides paſs ſucceſſively through the 
meridian of each place in 12 hours ; that the nor- 
thern countries partake more of the north tides, 
and the fouthern of the ſouth tides ; and there- 
fore, out of the equator the tides of each day are 
alternatively greater and ſmaller. The greateſt 
tides happen 3 hours after the moon's paſſage 
through the meridian, when this planet declines 
from the equinoEtial towards the zenith, and the 
| | moon 
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moon changing its declination the tides will be 


ſmaller. _ 

The greateſt difference between the tides of the 
fame day muſt happen at the time of the ſolltices, 
eſpecially, when the aſcending node of the 
moon is at the beginning of Aries. It is alſo 
found by experience, that in the winter the morn- 
ing tides are greater than the evening ones; and 
in the ſummer, the evening tides are greater than 
the morning ones, at Plymouth, by about a foot, 
and at Briſtol 15 inches. 

The other opinions of philoſophers concerning 
the cauſe and effects of the flux and reflux of the 
ſea, are almoſt all reduced to thoſe which J have juſt 
related; we have therefore thought it neceſſary to 

examine what thoſe are which agree with experi- 
ence, and which are thoſe that are contrary 
thereto... 

As to what Poſſidonius relates, heh as very well 
diſtinguiſhed the three motions of the tides which 
follow the periods of the days, months, and years; 
but he ſuppoſes that the tides are greater towards 
the ſolſtices than toward the equinoxes, which is 
not conformable to experience, Perhaps they 
had obſerved the tides in the ſummer folſtice when 
the moon was very near the earth, in which caſe 
the ſea mult have riſen to a great height, which 
had given room to conjecture that the greateſt 
tides always happen in the ſolſtices, and the 
ſmalleſt in the equinoxes. In ſhort, S/ rabo, who 
relates the opinion of Paſſi donius, ſays, that this 
author having been at Cadiz, in the temple of 
Hercules, about the ſummer ſolſtice, had not ob- 
ſerved any extraordinary tides in the full moon, 
but that about the new moon in the river Bætis, 
or Quadalguiver, there happened ſo great an 

| 3 OVer- 
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overflowing of the waters, that the level of the 
ground of the light-houſe, and the rampart of the 
port of Cadiz z had been covered. to the height $ 
10 cubits. | 
Pliny's opinion concerning the tides of the e equi- 
noxes 55 ſolſtices, ſeems more agreeable to the 
obſervations, as he affirms, that the greateſt tides 
happen in the equinoxes, and the ſmalleſt i in the 
ſolſtices; but he advances that the tides ; are yet 
greater in the autumnal equinox than in the ver- 
nal, which we have not been able to diſcover by 
the obſervations. What is moſt remarkable I5, 
that he has found that the tides are ſmaller when 
the moon receeds from the earth, than when it 
approaches it; and its force acts nearer, which 
agrees with our obſervations. He alſo obſerves, 
that in the ſpace of eight years, after 100 revolu- 
tions of the moon, there are the ſame principles of 


motion of the tides, and the ſame augmentations 


obſeryed, which has a great deal of relation to the 
motion of the moon's apogeum, which in eight 
or ꝙ years returns to the ſame point of the Zodiack 
after 118 revolutions of the moon, which we may 
conſequently take for the period of the principal 
inequalities that are obſerved in the tides. He adds, 
laſtly, that the effects produced by the motions 
of the celeſtial bodies are not fo ſoon felt upon the 
earth, as they are perceived by the eye, which 
agrees perfectly with our obſervations. N 
With regard to Galileo, who pretends that the 
principal cauſe of the phænomena obſerved in the 
flux and reflux of the ſea, muſt be attributed to the 
motion of the earth, it would be difficult to recon- 
cile his opinion with the obſervations. He allows 
himſelf, that according to his principles, there 


muſt be only one flux and reflux ! in 4 hours, and 
that 
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that if it ſometimes happens oftener, it proceeds 
from ſeveral accidents, as the depth of the water, 
the directions of the coaſts of the ſea, c. But 
if it was ſo, how ſhould we be perſuaded that 
theſe accidental cauſes, which vary in ſo many 
different manners, according to the different places, 
ſhould cauſe ſo regular an effect, that inſtead of 
one flux and reflux in 24 hours, there ſhould be 
two fluxes and refluxes in 24 hours, 48 minutes? 
An effect which is known to every body, and 
which we have obſerved in all the ports of France, 
that are upon the ocean, where, notwithſtanding 
the various depth of the water, and the different 
directions of the coaſts, the tide regularly takes 
up 6 hours and about 4 in riſing, and as much in 
falling. 

Beſides the periods of the flux and reflux of the 
ſea, which we obſerve every day, the cauſe of 
which Galileo attributes to the motion of the earth, 
he finds, that according to his ſyſtem, there ought. 
to be in the tides a period regulated according to 
the revolution of the moon with regard to the 
ſun; the earth having, as he conjectures, a greater 
degree of velocity in the conjunctions than in the 
oppoſitions. To this may be anſwered, that theſe 
different degrees of velocity, which he attributes to 
the earth in the new and full moons, were not 
known till now by the aſtronomers. But tho? this 
effect, which perhaps is not ſenſible enough to be 
obſerved by aſtronomical obſervations, ſhould be 
enough to make an impreſſion upon the ſea as Ga- 
lileo ſuppoſes, it would follow from thence that 
the tides which happen in the conjunctions would 
be different from thoſe obſerved in the oppoſi- 
tions, and that thoſe of the quadratures would be 
the moſt uniform; which does not agree with the 
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obſervations by which it has been found, that the 


greateſt tides happen equally in the conjunctiom 
and oppoſitions where they are pretty uniform; 
and that the ſmalleſt are obſerved in the quadra- 


dratures, where they are ſubject to more irregula. 


rities. Nor does the reaſon which Galileo relates 
for the annual periods of the tides ſeem to agree 
with the obſervations ; for in the ſolſtices, the 
daily motion of the earth being made in the ſame 
direction as the annual one, it would ſeem that 
the compoſition of theſe two motions ſhould cauſe 
greater tides than in the equinoxes, where the di- 
rections of both theſe motions are inclined to one 
another; and yet on the contrary we obſerve, that 
the tides are greater in the equinoxes than in che 
ſolſtices. 

The different degrees of velocity of the Jana 
motion of the earth when it is in its Peribelion, or 
Aphelion, muſt alſo cauſe according to this c di- 
nion, a very great alteration in the tides; never. 
theleſs we do not obſerve any conſiderable varia- 
tion in the tides of the winter ſolſtice, when the 
earth moves with more velocity than in the ſum- 


mer ſolſtice, when it moves ſlower. 


Deſcartes's opinion concerning the cauſe of the 
flux and reflux of the ſea ſeems more agreeable to 
our obſervations ; for it is eaſy to imagine, that 
all the celeſtial bodies making by their motion 


ſome impreſſion upon one another, thie earth is 
obliged to give way on the oppoſite fide to the 


moon ; fo that the waters of the ſea are com- 
preſſed according to the direction of the moon to 
the earth, and forced to flow back on both ſides 
to the diſtance of 90 degrees, which makes che 


high tide. 


The 
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The reaſon which he gives why the tides are great- 
er in the ſyzygies than in the quadratures, is a con- 
ſequence of his ſyſtem, in which he ſuppoſes, that 
the leſſer axis of the vortex of the earth, which is 
elliptical, is always pointed toward the ſun; ſo that 
the moon is nearer the earth in the ſyzygies than 
in the quadratures. But this does not always agree 
with the aſtronomical obſervations ; for it is true, 
that the moon being in the ſyzygies, and at the 
ſame time in its perigeum, is nearer the earth than 
in any other phaſe; but we cannot conclude from 
hence, that the leſſer axis of the vortex of the earth 
which carries the moon, is always directed to- 
ward the ſun; for it often happens that the moon 
is nearer the earth in the quadratures than in the 
ſyzygies; and yet we always obſerve, that in the 
quadratures the tides are leſs than in the ſyzy- 
gies. 
8 We cannot therefore attribute the cauſe of the 
great tides in the new and full moons to the prox- 
imity of the moon to the earth, and that of the 
ſmall tides in the quadratures to its diſtance z and 
this has given us room to conjecture that the ſun 
as well as the moon concurs in producing the 
height of the tides, altho* its effect was not ſo 
confiderable as that of the moon; that in 
the ſyzygies both theſe cauſes acting accord- 
ing to the ſame direction, the tides muſt be 
greater than toward the quadratures when the 
ſun acted in a direction perpendicular to that of 
the moon. 

Kepler, and after him Sir 1/aac Newton, have 
judged, that the ſun as well as the moon contri- 
butes to the height of the tides, with this diffe- 
rence, that as we ſuppoſe the tides are produced 


by the preſſure of the fun and moon upon the ce- 
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leſtial matter which ſurrounds the earth, they have 
attributed this effect to the bodies of the ſun and 


moon, which attract the waters of the ſea by a ver- 
tue almoſt like that of the loadſtone. Theſe 
two hypotheſes, tho? very different in their prin- 
ciples, ſeem to be equally able to give a reaſon 
for all the pbænomena which are obſerved in the 


tides. It is true, that according to the ſyſtem of 


the preſſure, the ſea muſt be low in the places 
where it ſhould be high according to the ſyſtem of 


the attraction; but as in the new and full moons 
the high- water happens in ſeveral places at diffe- 


rent hours of the day, before and after noon, it 
is not eaſy to determine to which of theſe cauſes 
we ought to attribute the flux and reflux of the 
ſea. It is therefore more proper before we em- 
brace any ſyſtem to be aſſured of a great number 
of obſervations, which we have hitherto done, and 
have had an opportunity of continuing by a new 


journal of obſervations upon the tides made at 


Breſt during the years 1712, and 1712. 

This journal begins the 13th of 7uly, 1712, 
where the preceding had finiſhed, and has been 
continued to March 1713. 

In this interval, which is about nine monehs, 
they have obſerved the tides of 18 both new and 
full moons, among which are found thoſe of the 
autumnal equinox, the winter ſolſtice, and the 


vernal equinox. 


The tide which happened the ſooneſt was ob- 
ſerved Feb. 24, 1713, at 3 hours, 6 minutes, 1n 
the morning, the new moon being marked that 
day in the Connoiſſance des Temps, at 10 hours, 
50 minutes, at night. That which happened the 


lateſt was obſerved Dec. 13, at 4 hours, 27 mi- 


nutes, 2, the full moon being marked that day at 
1 
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1 hour, 3 minutes, in the morning. The diffe- 
rence between theſe two obſervations, which is E 
hour, 24 minutes 2, may be partly corrected, 
by ſuppoſing as in Ge preceding memoirs, the 
mean time of the full moon at Breſt, at 3 hours, 
45 minutes, and making uſe of the common equa- 
tion of 2 minutes for an hour, which muſt be 
added to the mean time, or ſubtract from it, ac- 
cording as it retards or anticipates with regard to 
the time of the new or full moon. For we ſhall 
find, that the 24th of Feb. 1713, the day of the 
new moon, and of the greateſt acceleration of the 
tide, the high tide ought to have happened at 3 
hours, 7 minutes, within a minute near what it 
was obſerved at; and that the 1 3th of Dec. the 
day of the full moon, and of the greateſt retarda- 
tion, the height of the tide ought to have hap» 
pened at 1 hour, 14 minutes 2, within near 12 
minutes 2, of what was obſerved. 
The obſervation of the 24th of February is 
marked for the greateſt acceleration in the ſhea 
of almoſt two years, and is diſtant from the mean 
time of the high tide 39 minutes, which by the e- 
quation preſcribed, are reduced to one minute; 
and the obſervation of December 13, is that where 
the greateſt retardation was found 1n the ſame ſpace 
of time, and is 42 minutes diſtant from the mean 
time, which by our equation are reduced to 127 2, 
which ſhews the neceſſity of uſing this equation, 
and the advantage that may be drawn from 1t, for 
knowing more certainly the time of bien 
the days of the new and full moon. 
As to the time of high-· water in the quadratures, 
it 1s ſubject to great inequalities, which however 
will be partly corrected, by ſuppoſing the mean 


time of the high tide at Bref „ on the day of the 
qua- 
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quadratures, at 8" 5“ as has been done already, 
and uſing the common equation of 27 in an hour 
inſtead of that of 2', which we ſuppoſe i in the new 
and full moons. 

They have been obliged | in the quadratures to 
make uſe of this horary equation of two minutes 
and a half, becauſe they have obſerved, that one 
day with another, the tides retard much more to- 
ward the quadratures, than toward the new. and 
full moons ; and for this reaſon +. 

In thenew and full moons, the preſſure is great. 
er than toward the quadratures, and conſequently 
the effect, produced upon the waters of the ocean 
which are in the high water, take up leſs time to 
communicate themſelves towards the coaſts, than 
in the quadratures where the preſſure of the moon 
being much leſs, its effort employs much more 


time to communicate itſelf toward the coaſts, and | 


cauſes a retardation in the tides, which makes an 
effect like the waves of the ſea, which are great- 
er, and acquire a greater velocity, the greater the 
force is which acts them. 

We have already obſerved, that the ſea takes 
up more time in falling than in riſing. This is 
confirmed by theſe new obſervations; and it 
ſeems, that we might attribute the cauſe of it to 
this; that the effort which obliges the waters to 
riſe, drives them with violence, and conſequently 
witha great deal of velocity toward the coaſts, from 
whence they aiterwards retire by their own ogy 
with leſs velocity than they were raiſed. _ 

With regard to the tides which happen twice 
in the fame day, every twelve hours, they mult 
continually change in height, ſince in each month 
they are greateſt one or two days after the new 
and full moons; that they afterwards diminiſh 

continually 
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continually till a day or two after the quadratures z 
that they afterwards riſe again, and ſo on ſuc- 
ceſſively; but beſides this "inequality of height, 
which they have obſerved at all times, it alſo 
meets with others. For we often obſerve, that 
from the quadratures to the new and full moons, 
the evening tide which ought to be greater than 
that of the morning, becauſe the tides increaſe 
from day to day, is however ſometimes ſeveral 
inches leſs in the morning than at night; and on 
the contrary, in other circumſtances, from the 
new and full moons to the quadratures, they 
find the evening tide greater than that of the 
| morning, tho' it ought to be leſs, becauſe the 
| tides from one day 0 another continually di- 
miniſh. 

This ;acqualicy: of height i in the tides has bee, 
by Sir J/aac Newtors account, obſerved at Ply- 
mouth, and at Briſtol, by Meſſ. Colepreſs and Stur- 
mius, who have obſerved that in the winter, the 
morning tide was greater than the evening one; 
and that in the ſummer, it was leſs than the 
evening one. 

Perhaps they made theſe obſervations aben 
the new and full moons which happen near the 
ſolſtices, when there is in effect, almoſt always 
this variety of height in the rides which ſucceed 
one another every twelve hours. 

For example, the 19th of Zune, 1712, the 
day of the full moon, the morning tide was 
obſerved at Breft 17 feet 1 inch, leſs by a foot 
and an inch than that of the evening, which | 
was found to be 18 feet 2 inches. 
| The 2dof July, the day after the new moon, 
the morning tide was obſerved 14 feet 10 inches 


5 lines, lels by 9 inches 2 lines than that of the 
even- 
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evening, Fhich was found to be 13 feet, 7 inches 


8 Hines. = 181 
On the amp the 1 zh of December 1712, 


| the day of the full moon, the morning tide was 


obſerved to be 16 feet 7 inches, greater by 4 
inches 4 lines, than that of the evening, which 


was found to be 16 feet 2 inches and 8 lines. 


The 29th of the ſame month, the day of the new 
moon, the morning tide was obſerved to be 18 
feet 10 inches, greater by 7 inches than that 


of the evening, which was 18 feet 3 inches. 


It appears therefore, by theſe obſervations, as 
by many others, which would be too long to 
relate, that about the new and full moons, the 
ſummer tides are leſs in the morning than at 
night; and the winter tides are leſs at night 
than in the morning, which may eaſily be ac- 
counted for, if we ſuppoſe, conformable to. our 
hypotheſes, that the tides are almoſt of equal 
height in the parts of 1 earth directly Nt e 
to one another, 

In ſummer, in the new moon, this planet alle 
about noon with the ſun through our meridian, 
with a northern declination, and conſequently: its 
greateſt force muſt be felt in the northern coun- 
tries of our hemiſphere, and in the ſouthern coun- 
tries of the other hemiſphere, which are directly 
oppoſite tous. About twelve hours after, toward 
midnight, the moon paſſes throngh the meridian 
in the oppoſite hemiſphere, with a like declination; 
and conſequently its greateſt force muſt be percei- 
ved in the northern countries of the other hemi- 
ſphere, and in the ſouthern countries of our 
hemiſphere, which are directly oppoſite to it: 
the effort or preſſure of the moon in the ſum- 


mer new moons, is aun . at noon * 
3 8 the 
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the Bachem countries, where we live, than inthe 
ſouthern countries 3 and on the contrary, this preſ- 
fure is greater at midnight in the ſouthern than 
in the northern countries; from whence it fol- 
lows, that the height of the tide being proportioned 
to the different efforts or preſſures 127 the moon, 
the evening tide immediately after noon muſt be 
greater in the new moons: of the amm n 
the tide which happens after midnight 
In the full moons which happen alſo in the 
fame ſeaſon, the moon paſſes over our meridian 
at midnight, with a ſouthern declination, and 
conſequently the morning tide, which immediately 
follows, muſt be leſs than that of the afternoon, 
the moon paſſing at noon over the meridian of 
a place which has the northern part of the earth 
for its oppoſite, where the n enning. tide 
muſt happen. 
On the contrary, in the winter new. moons, this | 
planet paſſes with the ſun through the meridian 
with a fouthern declination, and conſequently the 
reſſure which it occaſions in the northern countries 
muſt not be then ſo great as thoſe which it 
produces in the ſouthern countries, and the evening 
tide, whieh immediately follows, muſt be leſs than 
that of the morning; the moon paſſing at mid- 
night through the meridian of a place, which 
has its oppoſite in the northern part of the earth, 
where the greateſt morning tide muſt happen. In 
the winter full moons, the moon paſſes at mid- 
night through the meridian with a northern decli- 
nation, and conſequently the morning tide which 
follows r muſt be greater than that of 
the evening, the r paſſing at noon through 
the meridian of a: place which has its oppo - 
ſite in the ſouthern, part of the earth, where the 
greateſt evening tide. muſt happen. 
Vol. IV. N“. 43. Ty .- 
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It appears therefore by this reaſoning, that in 


be leſs in the morning than at night; and that 
the greateſt tide muſt happen at night. That 
on the contrary, in the winter, the tides are leſs at 
night than in the morning; and that the — 
tide muſt happen in the morning. 

We obſerve only that the difference of 
between the morning tide, and evening tide, is 


greater in ſummer than in winter; which muſt i in 


effect happen, becauſe the evening tides, which in 
ſummer are greater than thoſe of the morning, 

the reaſons juſt related, are alſo increaſed 1 in hei he 
by the augmentation which is made in the ti 

every twelve hours, from one or two days of 
ter the quadratures, to one or two days after 
the new or full moon; whereas in winter, the 
evening tide, which is leſs than the morning one, | 
is increaſed in height, becauſe the tides which in- 


creaſe in the new and full moons, are greater at 


night than in the morning; whichcauſes a leſs 
difference in the height of the tides of the n 
day in winter than in ſummer. 
There are therefore two cauſes, which concur: to 
the variation of height which is obſerved in the 
tide, which happen in one day every twelve hours; 
one, which is produced by the continual augmen- 


tation or diminution which happen between the 
new and full moons, and the quadratures; and 


the other, which we muſt attribute to the diffe- 
rent height of the moon upon the horizon; ac- 
cording to which its declination is more to the 
north or ſouth. This laſt cauſe commonly pre- 
vails above the other; when the moon is in the 
northern or ſouthern ſigns, but it is hardly ſen- 


ſible in the new or full moons of the equinox, 
when 


* 
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when the moon paſſes through the meridian with 
very little declination, : * 
This augmentation or diminution in the tides 
every twelve hours, as we have juſt. obſerved; in 
the new: and full moons which happen about the 
ſolſtices, muſt, be obſerved alſo in the quadra- 
tures. which happen. about the equinoxes. 

In the vernal equinox, the. moon is in its firſt 
quarter .in-the northern ſigns, and paſſes through 
the meridian at ſix at night, with a northern de- 
clination, and conſequently the evening tide, which 
follows its paſſage through the meridian, muſt be 
greater than that of the morning. In the third 
quarter, the moon paſſes through at 6 in the morn» 
ing, with a ſouthern declination, and conſequently 
the morning tide muſt be leſs than the evening one; 
Thus in the quadratures, which happen about the 
vernal equinox, the tides are leſs in the morn- 
ing than at night, and the leaſt muſt happen inthe 
morning. e 

On the contrary, about the autumnal equinox; 
the moon in its firſt quarter is in the ſouthern ſigns, 
and paſſes through the meridian at fix at night; 
with a ſouthern; declination, and conſequently the 
evening tide, which follows its paſſage through the 
meridian, muſt be leſs than that of the morn- 
ing. In the third quarter, the moon paſſes through 
the meridian at 6 in the morning, with a northern 
declination, and conſequently the morning tide, 
which follows its paſſage through the meridian, 
muſt be greater than that of the evening. 

Thus .in the quadratures which, happen about 
the autumnal equinox, the morning tides are 
greater than thoſe of the evening, and the 
leaſt tides muſt happen in the evening. 

This reaſoning agrees pretty well with the 
obſervations for the 6th of September 17113 
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the day of the leaſt ' tide of the autumnal 
nox, the evening tide was obſerved to be 10 
— 3 inches, leſs by 7 inches than the morn- 
"tide which was 10 feet 10 inches. The 
20 of Septenber 1712, the day of the leaſt 
tide of the autumnal equinox, the evening 
tide was alſo obſerved to be ten feet eight 
inches four lines, leſs by nine inches eight 
lines, than the morning tide which was chen 
feet 6 inches. | 
On the contrary, the 16th of March 1712, 
the day of the leaſt tide of the vernal equi- 
nox, the morning tide was obſerved to be 10 
feet 10 inches, leſs by 3 inches than that of 
the evening; and the 20th of March 1713, 
the day of che leaſt tide of the laſt quarter, 
the morning tide was obſerved at 11 feet 
7 inches, lels * nine inches than that of the 


evening. 
We have obſerved i in ; tha preceding memoirs, 


that the various diſtances of the moon from the 


earth cauſe a very great variety in the height of 


the tides. This is confirmed by theſe laſt obſer- 


vations, for the 28th of Dec. 1712, the day of 


the full moon, the diſtance of this planet from the 


earth, being 936 parts, the radius of which 1s 
1,000 3 that is to ſay, the moon being very near 
its perigeum, they obſerved, Dec. the goth, in the 
morning, the day of the greateſt tide, the height 
of the full ſea to be 19 feet, 2 inches, above the 
fixed point, and that of the low-water to be 1 
foot, 8 inches, below this point, ſo that the ſea 


had riſen that day to the * of 20 feet, 10 


inches. 
The 11th of Jan. followhns the day of the full 
moon, this planet's diſtance from the — being 
| 1064 
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1064, that is the moon being very near its, apa- 
geum, they obſerved the 15th of Jan. in the 
morning, the day of the greateſt tide, the height 
of the full ſea to * 17 feet, 5 inches; and that of 


the next low-water to be 1 foot; ſo that the ſea 


had only riſen 16 feet, 5 inches, that day, leſs by 
4 feet, 5 inches, than in the preceding wie 
when the moon was near its perigeum. | 

It muſt be obſerved, that in the new moon 
perigeum of the 28th of Dec. 1712, its declination 


was 23 degrees to the ſouth, very diſtant from 


the equinoctial, and conſequently. its preſſure upon 
the earth mult not be ſo great as when the moon 
being almoſt at equal diſtance from the earth, is 
at the ſame time nearer the equator. . 

In effect we find, that the 24th of Feb. 1712, 


the day of the new moon, its diſtance from the. 


earth being 953, that is, near its perigeum, and 
its declination 5 degrees ſouth near the equator, 
the height of the full ſea was obſerved. Feb. 26, in 


the morning to be 21 feet, 2 inches, which is the 
greateſt height that they have obſerved at Breſt in 


almoſt two years. The low-water following was 


obſerved to be 1 foot, 3 inches, below the fixed 
point, ſo that the tide roſe that day to the height P 


of 22 feet, 5 inches. 
The 12th of March following, the day of the 
full moon, its diſtance from the — being 
1,032, pretty near its apogeum, and its ſouth- 
ern declination one degree, that is, near the equa- 
tor. They obſerved the 1 3th of March following, 


the day of the greateſt tide, the height of the full 


ſea to be 18 fert, 2 inches, and that of the low- 
water o feet, o inches; ſo that the elevation of 


the ſea that day was only 18 feet, 2 inches, leſs 


> 4 feet, 3 inches, than in the preceding obſer- 
vation, 
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vation, when the moon was near its perigeum, but 
x: foot, 9 inches, greater than in the obſervation 


of Fan. 11, 1913, before related, when the moon 


being near its gem, its northern declination 
was 209. 

As to the ſmall tides which follow. the n: 
tures, we find alſo by theſe laſt. obſervations: that 
their heights are proportioned to the diffrrent dif 
tances of the moon from the earth. For exam. 
ple, Sept. 23, 1712, the day of the leaſt. tide: 
which followed the 3d quarter, the moorys diſtance 


from the earth being 1,063 very near its apageum, 
the height of the full ſea at night was obſerved to 


be 10 feet, 8 inches, 8 lines, and that of Jow- 


water 5 feet, 10 inches, ſo that the ſea roſe that 


day only 4 feet, 10 inches, 8 lines. The 7th of 


Ort. following, the day of the leaſt tide which 


followed the iſt quarter, the moon's diſtance from 
the earth being 976 near its perigeum, the height 
of the full ſea was obſerved at night to be 12 feet, 
10 inches, and that of the morning 3 feet, 6 


inches, ſo that the elevation of the tide was that | 


day 9 feet, 4 inches, greater by 4 feet, 5 inches, 
4 lines, than in the preceding obſer vation when 
the moon was near its apogeum. 

The moon's northern declination was Sept. 22, 
17 12, the day of the laſt quarter, 240 2, and 
conſequently the ſmalleſt tide following muſt be 
very low as was obſerved, having been found the 


.23d at night to be 10 feet, 8 inches, 8 lines, low-- 
er by 2 feet, than the 26th of Dec. when the diſ- 


tance of the moon from the-earth being 1, 036 near 


the apogeum, and its ſouthern declination. g de- 


grees, the height of the tide was n to be 12 


leer. 8 inches, 8 lines. | 


Beſides, 
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Beſides the varlations in the height of the tides 
which reſult from the different diſtances of the 


moon from the earth, and its different declination 
with regard to the equinoctial, there muſt alſo 


ar according to our hypotheſis be ſome that are 
cauſed by the different diſtance of the fan from 
the earth, and by its different declination, ' we 
have already obſerved” that the tides of the new 


and full moons were greater than toward the equi- 


noxes, when the ſun has no declination, than to- 
ward the ſolſtices, when it has 23 degrees, 29 


8 minutes, and it is probable that the ſun which is 


then in conjunction, and in oppolſition with the 
moon, concurs with it to the different heights which 


are obſerved. 
With regard to the diſtance of the fin from the 


earth, as it is leſs about the winter ſolſtice when the 


ſun is juft at its perigeum, than at the ſummer 
ſolſtice when it is near its apogeum, the tides muſt 
be greater in winter than in ſummer, all thin 

being equal, as in effect it is obſerved, © For July 
30, 17171, the day of the full moon, its diſtance” 
from the earth being 960, and its declination 25 
degrees, 29 minutes, the ſun being alſo in its ap- 
geum, they obſerved Juby iſt at night the height 
of the greateſt. tide to be 17 feet 10 inches. The 


Sth of 7, anuary following, the day of the new moon 


the moon's diſtance from the earth being 931, 
and its declination 23 degrees, almoſt the ſame as 
the goth of Ju, the ſun being then near its peri- 
geum, they obſerved January oth in the morn- 
ing, the height of the greateſt tide to be 19 feet 
10 inches, higher by 2 feet than in the preceding 
obſervation, when the ſun was in its apbgeum. 
The 19th of June following, the moon's Alkane 
from che earth being 936, and its ſouthern decli- 
nation 24 degrees 50 minutes, the ſun being then 
near 
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near its apogeum, the height of the greateſt tide 
vas obſerved June 21 at night, to be 18 feet 4 
inches, leſs by 1 foot 6 inches than in the preceding 
obſervation. Laſtly, the 28th of December 1 712, 
the ſun being in its perigeum, the moon's diſtance 
from the earth being 936, and its ſouthern decli- 
nation 23 degrees, the height of the greateſt 
tide was obſerved the goth of December to be 1 
feet 2 inches, greater by 10 inches than the. 19t] 
of June, when the fun was near its apogeum, and 
the moon at almoſt equal diftance from the earth; 
Ic reſults therefore from theſe obſervations, that 
there are four cauſes which contribute to, the dif- 
ferent heights that are obſerved in the tides. - The 
firſt depends upon the different ſituations of the 
moon, with regard to the ſun, and produces the 
variations that are obſerved in the height of hy 
tides, from the new and full moons to the 
dratures. The ſecond is produced by the different 
diſtances of the moon from the earth, the tides be- 
ing greater, when the moon is near its perigeum, 
than when it is near its apogeum. The third is pro- 
duced alſo by the different diſtances of the ſun 
from the 294 the tides being greater when the 
ſun is in its apogeum, than when it is in its pe- 
rigeum. Laſtly, the fourth depends on the dif- 
tance of the moon from the equinoctial, the tide 
being leſs when the moon has a great declination 
than when it is near the equator. This laſt cauſe 
produces alſo the variations that are obſerved in 
the tides which happen in the ſame day. Theſe va- 
riations muſt be perceived differently in different 
Parts of the earth; they muſt be null in the coun- 
tries that are under the equinoctial line; but they 
are very ſenſible in the northern and ſouthern coun- 
tries, according as the declination of the moon is 
more to the north or ſouth. — 
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, 4 Igler put ion of, a Sortable: 3 ; pro- 


er to ſupport the glaſſes of very great foct ; ; 
e to the ray 725 M. Branchini, 


by M.de Reaumur®, | 17 2069S 08 a 


The number of obſervations, Wirk which M. 
Bianchini has enriched our memoirs, have ſufficient- 
ly informed the publick of his ability and atten- 
tion in obſerving the heavens; but his zeal for aſ- 
tronomy does not end there, for knowing better 
than any body how far this ſcience has been carried 
fince they have known how to work the great 
glaſſes, he has thought of rendering; the uſe of them 
eaſy. Meſſ. Huygens and Cafſmi did a great deal 
in ſhewing us that we might uſe glaſſes with great- 
er foci without tubes; this was removing a con- 
ſiderable difficulty by informing us that we might 
do without inſtruments, which it was almoſt im- 
poſſible to conſtruct, and which it was not eaſy to 
make uſe of. Notwithſtanding this fine diſcovery 
there ſtill remained many difficulties: for placing 
theſe glaſſes, there muſt be wooden towers erected 
ſuch as there is in the obſervatpry ; or ſeveral ſo- 


lid beams raiſed upon the ground: it muſt have 


large ſpaces of ground; and beſides all theſe incon- 


veniences, it was neceſſary to employ ſeveral per- 


ſons and different machines to ehange the direction 
of the object-glaſs, according as the ſtar ſhould 
change its place; the expences which this required 
were above the fortune and zeal of many private 


perſons. 


This made M. Bianchini think that nothing 
vuould be more proper to multiply the number of 
obſervations, or which is the ſame thing, to my | 


* July 29, 1713. 
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aſtronomy, than a machine which had the follow- 
ing qualities: 7ſt, that it ſhould ſuſtain the object 
glaſs very high, altho? light. 2d, that the height 
might be cafily altered according to the different 
elevations of the planets above the horizon. 3d, 
that it ſhould be ſolid and firm, without its being 
neceſſary to make uſe of nails to fix it, or ſinking 
beams into the earth, From the preceding qua- 
lities it was alſo eſſential that there ſhould refitle 
two others; that the whole machine might be 
eaſily carried about, and coſt but littltleQ. 
He ſought for this machine, which did not ap. 
pear eaſy to be found, and defired M. Chiarelli, a 
prieſt of Vincenlia, famous in Ialy for optical 
works, to ſeek for it in concert with him; Galileo, 


who has done ſo much for the ſciences, was alſo 


of ſervice to them on this occaſion, M. Bianchini 
knowing what this celebrated author has demonſ- 
trated upon the force of a hollow cylinder, did not 
doubt but that he might contrive a ſupport for the 
object glaſs high, ſolid, and at the ſame time light, 
by making uſe of hollow cylinders, that is, by 
cauſing tubes of different diameters to be made 
which ſhould ſhut into one another like thoſe of 
the teleſcopes ; the uſe of teleſcopes fo familiar to 
M. Bianchani had conducted him fo far. He had 
already a ſupport high, light, and of which the 
height might eaſily be varied; two of the quali- 
ties eſſential to the machine ſought for: there on- 


ly remained to find a ſolid and convenient man- 


ner of raiſing this high ſupport perpendicular to 
the ſurface of the earth. This is what M. Chiarelli 
has very ingenioully executed, and has given the 


machine all the advantage we could wiſh, as will 


be ſeen by the deſer iption that we are Soing to give | 
of it. 
A 
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A hexagonal tube“ AB about four feet and 


a half high, ſerves ſometimes for a caſe and ſome- 
times for a baſe or ſupport to ſix other tubes: 
The breadth of each of the faces of this great tube 
is pretty near two inches and £; it is compoſed 
of ſix ſmall planks either glued or nailed together; 
the perfection of the machine conſiſts in theſe planks 
being thin and of a light wood. 

The ſecond tube BC is only different from the 
firſt in its ſize; it muſt enter conveniently into 
the other but not wave in it, it is longer than that 
which receives it, tho' its diameter is leſs, by 
which means it may more eaſily be taken out, or 
which is [till better the upper end of each tube has 
a litile rim, a ſort of little collar, which cannot 
enter into the tube that ſerves for a caſe to it; 


in the ſecond tube there is incloſed a third tube 


CD, in the ſame manner as the ſecond 1s incloſed 
in the firſt, and ſo on. 


That the tube which ſerves e for a baſe 


and ſometimes for a caſe to all the reſt may be ſup- 
ported perpendicularly to the horizon, there are 


three fect HHH, which like three buttreſſes make 


an acute angle with the horizon, and are ſupported 
againſt three of the faces of the tube. The 


manner in which the feet ſuſtain it is very inge- 


nious 3 a little hexagonal tube I, which is only a 
tew inches high, like a ſort of ring ſurrounds part 


of the great tube between its aperture and the 


middle; it can riſe or fall freely, but is always 


PO: near within the bounds that we have given 
for the more convenient explaining ourſelves 


we hall call it a ring. 

Tothis ring are faſtened with hinges three wood- 
en tringles HHH; theſe tringles are equal be- 
tween themſelves, and of the ame length with 


* Plate 6, Fig. 13 | 
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the great tube or a little longer; each of them are 
faſtened over againſt a different face; their breadth 
is alſo almoſt equal to that of one of the 
faces of the ſame tube. Theſe three tringles 
are the three feet of the machine: as they are 
held by hinges; it is eaſily imagined that by plac- 
ing the ring, to which they are joined, between 
the middle and the upper end of the great tube, 

and giving it an almoſt equal inclination, they 


ſupport the great tube on three ſides, ne Hold 


it in a vertical poſition, * 
But as there might be ſome darger of one of 


the feet ſlipping, this has been remedied by faſten- 


ing with a hinge to the extremity of each foot a lit- 


tle tringle KKK of the ſame breadth with the foor, 


and as long as 3 or thereabout of the great tube; 


this tringſe is Joined alfo by its other extremity 


with a ring L, like that to which the feet are faſ- 
tened; it is needleſs ro ſay that this ſecond ring 


_ alſo ſurrounds the great tube, that it riſes and falls 
freely, and that it is placed near the lower end of 


the tube, when we would raiſe the machine per- 
endicularly ; it is evident that in this laſt diſpo- 


ſition the three lower tringles hinder the "op 
feet from parting. 


The manner in which theſe feet and the trin- 
gles which hold them are joined together, ſhew 
that if we raiſe the upper and lower ring along 
the great tube, we at the ſame time oblige the 
feet and the tringles to lay upon the tube, the 
whole machine then takes up little room, as ap- 


pears in the figure MILNN, and is fo light that 


'a man may Sun venſen carry it under one 


arm. 
When we would make uſe of i it, we begin by 
laying it upon the ground, or Fan it in 
| 4 
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2 very inclined poſition; we then dra each tube 
out of the caſe that holds it as far as is thought 
neceſſary, and keep it in the place where we would 
have it remain in a manner equally plain and con- 
venient; for this purpoſe M. Bianchini has thought 
of making uſe of very thin wedges, of wood, 
_ theſe wedges are eaſily taken out and as eaſily put 
in again; the advantage of this is that we may 
raiſe or lower the machine when it is prepared, 
according as the elevation of the ſtar requires; 
as it is light there is not much difficulty to 
put it in a vertical poſition, and to keep it 
in that poſition we need only unfold the feet. 
It might perhaps be feared that its lightneſs 
would diminiſh its ſteadineſs, and this would 
be a well grounded fear, if we could not ea- 
ſily remedy this inconvenience, In all places 
where ſtones are found, it is eaſy to give the 
machine all neceſſary ſteadineſs; by putting ſome 
upon the tringles or traverſes which hold the 
feet, thus we load it with weights that we are not 
obliged to carry about. 

That the great tube which ſerves for a baſe to 
all the reſt, may keep ſteady in the two rings 
that ſupport it, it is neceſſary to pierce three holes 
in the thickneſs of the upper ring; putting a ſcrew 
in each hole, and we need only ſcrew them to ad- 
juſt the tube. 

If we apprehend. that the point of the ſcrews 
may in time pierce the wood of the tube, we may 
cover this tube with a band of very. thin iron or 
copper, in the place where the ring turns when 
the machine is raiſed. By making a little notch 


quite round it, we may chere fix the band, and "3 


will not ſlip above the reſt of the tube. 
It is proper alſo. to make a rim at the lower ex- 


3 of this great tube, or to drive ſome nails 


into 
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into it, to prevent the lower ring from flipping off 
the tube when the machine is carried from one 
place to another ready mounted. | 

We ſhall not ſtay to explain at length how the 
object glaſs is placed at the top of this machine, it 
may be done different ways; but that of M. Bi- 
anchini is convenient. This object glaſs is gene- 
rally lodged in a cylindrical tube O, which 1s not 
above 7 or 8 inches long; but this tube has a ſort 
of tail P above a foot long. This tail is only a 
wooden gutter; a fort of tenon Q of thin wood 
is glued agaialt the outer ſurface of the tube, to- 
ward the middle of the length of this tube there is a 
hole in this tenon; another tenon of wood like the 
former is ſet at 7 or 8 inches diſtance, and i is 
glued under the tail P of the tube. 
In the laſt of the hexagonal tubes of the ma- 
chine, there is put a piece of wood in which is cut 
a vertical notch; this noth receives the firſt of the 
two tenons that are faſtened to the tube of the ob- 
ject glaſs; this tenon is held by the means of a 
ſcrew. 

To the ſecond of the pieces that is te to the 
tube, or rather to the tail of the tube of the 
object glaſs, is faſtened a ſmall packthread. 
This packthread is at leaſt as long as the focus of 
the glaſſes 3 it ſerves to mark the diſtance that the 


eye-glaſs muſt be fixed at. 


This eye-glaſs is in a tube V, like that of the 
object-glaſs, I mean that has a ſort of gutter which 


makes it a tail X, under this tail the ſecond end 


of the packthread Y is faſtened. 
To ſuſtain the tube of the eye-glaſs, M. Bian- 
chini makes uſe alſo of a ſupport Za compoſed of 


tubes that ſhut into one another. He has made 


theſe ſquare, and might have made them of any 
other 
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ether figure, for that is very arbitrary, and there 
does not ſeem to be any effential reaſon for making 
the tubes that ſerve for a ſupport tu the object 
glaſs of a beg . en than any 
other. 

The ſupport of the eye-glaſs i is ebm of 
three tubes; the laſt, that is to ſay the lowermoſt 
a, is tetminated by a notch 3 in this notch there 
is put a little plank ö, and this plank is held in 
the notch by a ſcrew: the thickneſs of this plank 
ſerves for a foot to the ſupport of the eye-glaſs: 


this is not a very ſolid foot, it is however a reſt, 
becauſe this ſupport is put in an inclined- poſition, 
in ſuch a manner that it makes an obtuſe angle. 
with that part of the horizon that is between it and 
the ſupport of the object-glaſs. The packthread, 
one end of which is faſtened to the tube of the ob- 
ject-glaſs, and the other end to the tube of the 
eye · glaſs, holds the oor of the eye. glas in this g 


ſituation. 


As to the reſt, it it is eaſy to ſee of what height | 


al the tubes together of this laſt ſupport ought to 


be: it muſt be ſuch that a man ſtanding upright,. 


or ſetting, may apply his eye near the glaſs. 

All the glaſſes with their tubes, and the ſupport 
of the object. glaſs, may be incloſed in a ſmall and 
light box; ſo that the ſame man, who under one 
arm carries the ſupport of the object- glaſs, may 
with the other, carry the box that holds all the reſt 


of the apparatus: thus an obſerver who has 


not near him ground enough, or ground proper 
for obſerving, carries when he pleaſes into the 
fie ds what is ; neceflary for it, he is in a ſtate of 
chuſing the moſt convenient grounds for his ob- 


ſervatory; he may do it alone; but it is however 
right to have a perſon with him to depreſs or ele - 


vate ſome of the tubes of the great ſupport, ac- 
cording. 


| 
. 
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cording as the ſtar aſcends or deſcends, though in | 
caſe of neceſſity he might do the whole alone 
A high wind would not be a favourable time 
to obſerve with this machine; the wind however 
makes leſs impreſſion 0 on it t than « one e im. 


gine. 5 3 "i 


855 I. A eee a an extraordinary Arp 
. by M. Imbert. 1 


"Bobs is — moſt melancholy and humbling 
ſtate of man; in health it has bounds that nature 
bas the art of prolonging often by habit, or con- 
ſtitution. Among animals, the dormouſe, and 
marmottee, ſleep ſix months in the year without 
awaking. A ſleeper of this ſort is a rare example, 
the hiſtory of which has ſeemed to me to be wor- 
thy of the enquiry of a . r that is a . 
rious obſerver. 

A man of about 45 years of age, of a dry and 
robuſt conſtirution, whoſe name was Tally, who 
drove the Rowen coach, and was a carpenter by 
trade, fell into the diſorder I am ſpeaking of by 
the following accident. He had quarreled with 
'a carpenter for whom he had worked; they 
were parted juſt as they were going to fight, and 
each went his own way. A little while after, our 

ſick perſon heard that his adverfary had- fallen 
from a building, and was killed. This fatal 
news ſeized him, he threw himſelf with his face 
upon the ground, and his ſpirits and ſenſes grew 
drowſy inſenſibly. The 26th of April 1713, be 
was carried to Ia Charité, where he remained till 
the 27th of Aug. of the ſame year, that is, 4 
months. The 2 firſt months he gave no ſign of 
voluntary motion or ſenfation; his eyes were ſhut 


day and night; he often moved his eye· lidsʒ his 
re- 
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reſpiration was always free and eaſy, his pulſe was 
ſmall, and flow, but equal; if you put one of his 
arms in any ſituation it remained there, (a diſeaſe 
that is called a catalepſy); but it was not the ſame 
with the reſt of his body; they made him ſwal- 
low ſome ſpoonfuls of wine to ſupport him; and 
this was his only nouriſhment during this time; 
he therefore became lean, dry, and emaciated; a 
very different ſtate from that which he was in be- 
fore. M. Burette, under whoſe hands he was, at 
firſt made uſe of the moſt poweſnul aſſiſtances of 
art, bleeding in the arm, the foot, the neck, 

emetics, purgatives, bliſters, leaches, and vo- 
latiles, and this without being able to procure any 


bly to his family, and the clergy, for an entire 
day, after which he fell again into his ſleeping. 
The two laſt months of his ſtay at Ja Charite, he 
by intervals gave ſome marks of ſenſation, ſome- 
times preſſing his wife's hand, and at other times 
by melancholy. complainings; but this would 
happen when they had been ſeveral days without 
purging him. From this time he ceaſed to do 
all under him, being careful to turn himſelf to the 
edge of the bed, where a waxed cloth was put on 
purpoſe, and not to do any thing till he found 
himſelf there, and then he did his occaſions, and 
returned to his place; he began alſo to take broths, 


firſt inclinations, a great thirſt for wine, He ne- 
ver made any ſigns that he wanted any thing. At 
the times appointed for his meals, they touched 
his lips with their fingers; at this ſignal he open- 
ed his mouth without opening his eyes, and ſwal- 
lowed what was given him; he then lay {till ex- 
pecting patiently a ſecond notice. They ſhaved 
Vor. IV. Ne. 44. Aaa bi n 


other relief to him than that of talking very ſenſi- 


pottage, and other ſuſtinence, keeping ſtill his 
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him regularly, but he was all the time like s 
corps ſet upright. If he was taken up after din. 
ner, they found him in his chair'with his 
ſhut in the ſame poſture that they had loft him: 
A week before he went out of Ie abaritd, they 
threw him naked into cold water to ſurpriſe him, 
This remedy ſurpriſed him effectually 4 he open- 
eld his eyes, looked ſteadfaſtly, but did nat ſpegk 

at all. In this condition his wife carried him 
home, where he is at preſent: they give him no 
medicine; he ſpeaks ſenſibly enough, and monds 
every day. 

Here is a ſtumbling block for a nhjlafagphica 
reaſoner ; being always impatient to get the ma- 
ſtery of nature in her moſt hidden deſigns, he } 
ſees; admires, and ſearches, and yet diſcovers | 
nothing. I ſhall venture hewever to propoſe ta 
the company as conjectures, ſome reflections that 
I have made upon fo ſingular a hiſtory. That 
I may repreſent them in order, I ſhall firſt exa - 
mine how grief may produce this kind of fleep ; 
in the ſecond place I explain the diffetent altera- 
tion which have happened to it ; 1n the laſt place 
I ſeek for examples that may have ſome relation 
to it. In the firſt propoſition two things are to be 
_ conſidered ; upon what fleep depends, and the 
manner in which grief acts. There are many 
cauſes that produce ſleep in general: in the brain, 
obſtruQion in the glands, compreſſion or relaxation; 
from hence commonly proceed apoplexies, and 
| lethargies : in the blood, impoveriſhing of the 
ſpirits; and from hence proceeds the indiſpenſa- 
ble neceſſity for man to ſleep to repair them; 

ſpirits too much incumbered by the groſs parts; 

and hence proceeds the diſpoſition always near to 

the ſleeping diſeaſes. Such was the ſtate: of our 
I 


pa- 
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patient befote he fell. A carpenter by profeſſion, 
and a ſot by inclination, qualities which common- 


ly furniſh thick blood, the active principles of 


which ate hard to be diſengaged ; reaſon proves 
it, and experience confirms it every day. This 
being ſuppoſed, it remains to examine the man- 
ner in Which grief acts. Grief is a diſeaſe of 
the mind, one of the moſt terrible and moſt fatal, 
rage, deſpair, fear, revenge, and melancholy, 
are its uſual effects. What diſorders do not paſ- 
ſions of this natute produce in the machine ! Some 
precipitate the motions of the ſpirits without or- 
der, whence phrenfies ariſe, and an infinite num- 
ber of acute diſeaſes, others retard the courſe of 
it, and therefore produce hypochondrical affec- 
tions, and the greateſt part of chronica! diſeaſes, 
The grief of our ſleeper is of the laſt ſort: at the 
neus of his enemy being killed, he is ſeized with 
terror, and - fills himfelt with melancholy ideas 
fear and ſadneſs retain his ſpirits in the brain, his 
blood naturally thick and deprived, if I may uſe 
the expreflion, of the primum mobile, thickens 
more and more, its parts draw cloſer, hang toge- 
ther and entangle the ſpirits; hours of reſt are no 
longer ſufficient, but whole months are requifite 
to ſeparate a quantity of it neceſſary for waking. 
In this reſpe& I am not afraid of comparing him 
to the marmotte: being thus aſleep he is its 
true image, This animal, heavy by its natural 
conſtitution and dull, abounds with fat during the 
time of its ſleeping; it takes no nouriſhment in 
its fix months ſleep ; the ſpirits diſengage them- 
ſelves inſenſibly by the motion alone of the circu- 
Jation of the blood, and the reſpiration which it 
Preſerves: at the end of this time it awakes with- 
out any help: the ſix months that it is awake, it 
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eats reaſonably, exhauſts but little, its blood be- 
comes of the ſame ſort, and it ſleeps again. Per- 
haps from the ſame principles, and the ſame rea- 
ſoning, we might explain in a more probable 
manner the changes which happened to our patient 
during his ſleeping ; the two firſt months his ſleep 

was profound ; his blood in all appearance had 
n the quality of the blood of the marmotte, 


the other two months without opening his eyes, or 


ſpeaking; he however by intervals, gave ſome 


ſigns of ſenſe. By the exact diet that he obſerved, 


the ſpirits diſengaged themſelves, and a greater 
quantity of them were ſeparated ; the marmotte 
requires ſix months, nature has ſo ordered in 
forming it; here it is an accident, and may be re- 
paired in leſs time. We have a proof of it, and 
our patient grows better every day; it now re- 
mains to ſeek for the examples which may have 
relation to it. Neither the ancient nor modern au- 
thors furniſh us with any. M. Homberg read to the 


company in the year 1707, the extract of a Dutch 


letter printed at Goude, containing the hiſtory of 
an extraordinary lethargy 3; it deſerves to be ſet 
down here as a parallel ; grief was the occaſion of 
it; the ſleeping was preceded by a melancholy 
affection of three months. For the length 
of time the Dutch ſleeper exceeds the French one, 
he ſlept ſix months ſucceſſively without interrup- 
tion, and during this time gave no ſigns of vo- 
luntary motion, nor of ſenſe; at the end of fix 
months he awaked and diſcourſed with every bo- 
dy; and 24 hours after he returned to ſleep again; 
perhaps he may be aſleep ſtill, for we have not 
the reſt of this hiftory. The carpenter in queſtion, 


in four months ſickneſs, had only two of real ſleep, 


bur the cataleptic accident, the ſigns which he 
pre- 


— 
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preſerved of a man aſleep, thoſe which he gave 
of a man awake, the effects that followed the bath 
of cold-water, are ſo many rare particularities, 
which render the fact worthy of the attention of 
the moſt learned philoſophers and phyſicians; 
my deſign was to have entered into a particular 
explication of all theſe accidents, but the fear of 
being troubleſome makes me defer it to another 
diſſertation. oo i FD 
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of the His rox v and Memoirs of the 
ROYAL ACADEMY of SCIENCES at 
PA RIs, for the Vear M pccxiv. 


In the HISTORY. 
I. N the paſſage of air and water through 


certain bodies. 

II. Of fome extraordinary effelis of tbunder. 

III. Of ſome petrified ſhells found at a conſiderable 
diſtance from the ſea, 

IV. Of the American rat, or mus alpinus. 

V. On the effect of the fiphon in vacuo. 

VI. On the greateſt poſſible perfection of the ma- 
chines moved by anima[s, 

VH. Of a new theory of the working of veſſels. - 


In the MEMOIRS. 


I. O8/ſervations on the rain water, the ther mome- 
ter and barometer, during the year 1713, at 
the r:yal obſervatory, by M. de la Hire. 

II. O#ſervations on the gum lace, and other ani- 
mal ſubſtances, which furniſh the purple aye, 
by M. Geoftroy, jun. 

III. A juſtification of the meaſures of the ancients 
with regard to geography, by M. Delile. 


Iv. | 


A TABLE, Ge. 367 


I v. Obſervations to determine the difference of the 
meridians between Paris and Leyden, on be- 
tween Paris and Upſal; by M. Maraldi: 

V. Obſervations on a very ſingular ſmall Pecies of 
aquatic worm, by M, de Regumur. 

VI. On the new obſervation of the tides made in 
tbe vhs of Breſt, by M.Caffini. +. 1:5 

VII. Of the effeds produced by the 8 

num -Gih, and of the cauſe on which they ene, 
by M. de Reaumur. * 

vill. A compariſon of the ancient Roman Foot, 
with that of the Chatelet at Paris, with ſome 
remarks on other were, £4 M. de la Hire. 
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ABRIDGMENT 


AN 


OF THE 


PrrLosSOPHICAL DrscoveRIEs and O- 
SERVATIONS in the HisToRyY of the 
ROYAL ACADEMY of SCIENCES at 
Paris, for the year 1714. 


I. On the paſſage of air and water 3 


certain bodies. 


E are commonly 1 that water, 
though more groſs than air, penetrates 


certain bodies, as paper, which air does not. But 


perhaps alſo it penetrates them for this very reaſon, 
that it is moregroſs ; that is, that it has power 
to make paſſages which air cannot; perhaps alſo 
air penetrates the ſame bodies as water, but with- 


out being perceived; for it is very dangerous in 


philoſophy to ſuppoſe facts which are not ſtrictly 
proved, and we are generally miſtaken in them. 


M. de Reaumur has thought of a very ſimple 


and infallible method of being ſure of theſe facts 
and all others of the ſame nature. The quickſil- 
ver keeps ſuſpended in the barometer, only be- 
cauſe the tube is ſo exactly cloſed at its upper ex- 
tremity, that no air can enter. If any ſhould en- 
ter, the quickſilver would immediately fall in 
proportion to what got in, and if it entered by 


little and little, the quickſilver would alſo fall by 


degrees, till at laſt it was quite upon a level. If 
inſtead of air it was water that entered into the ba- 
rometer 
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rometer, the quickſilver would {till fall according 


to the weight of this quantity of water. We 
know how much the quickſilver ought to fall for 
a determinate quantity of both, and reciprocally 
by the quantity of its falling we know how much 
of either got in. But if both entered, the water 
being viſible, we know how much air muſt have 
got in to make the total effect. It is evident 
that we muſt always conſider how much the quick- + 


ſilver ought to fall independantly on the entrance 


of the air, or water, by the ſole variation which 


would happen to the barometer at the time of theſe 
experiments, y 


This being ſuppoſed, we need only cloſe, as 


M. de Reaumur has done, that extremity of the 


barometer, which is to be uppermoſt, with the 


matter which is to be examined whether it is pe- 


netrable by air; if the quickſilver ſinks in the tube 
independantly on the diminution of the weight of 
the atmoſphere, we ſhall be ſure that ſome air has 


got in, which mult have penetrated the ſubſtance 


which ſtopped the end of the tube. And this ſort 
of proof has this advantage, that the air acting on- 
ly by its gravity againſt what ſtops the tube, and 


this gravity being a known force, equal to 28 
inches of quickſilver, we know it is this entire 
force which at firſt cauſes the air to enter, ſince 
the top of the tube is perfectly void, and incloſes 


no air that reſiſts the outer air. If the air continues 


to enter, we know by the quantity which is al- 
ready entered, and which is known by the fall- 


ing of the quickſilver, how much the force which 


drove it is diminiſhed, and if the quickſiſver at 
laſt comes to a level, we ſee that the leaſt force is 


capable of making the air paſs through the bo- 


dy under examination. We ſee alſo, which is 


very conſiderable, what are the different times, 
Vor. IV. N“. 44. B b b = 
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in. which this force continually decreefing has . 
caſion to act according to its different, decreaſtngs: | 
But if the queſt ion is — water inſtead of air, 
or e — — — M. de Reaumur has con- 
trived to make with a certain compoſition, impe. 
9 by air, a little rim 3 the 4 | 
by means of which he has a little veſſel, into which. 
he pours the quantity of water deſired, and the; a 
ſame reaſonings follow. 6 M 28 3: 21 

1 ſhall now mention the reſult of che oper. 
ments which he has made upon theſe principles: 

Air paſſes through paper even the thickeſt, bur. 
leſs quick. 

10 the impelling force be ever ſo label paſts 
but more ſlowly. - 

If paper be ever ſo little wetted, the air does not 
paſs through, it begins to paſs again as ſoon as the 
paper is dry; If we would have it: oantinus r 
it muſt be rubbed with oil. 

Air paſſes pretty freely through old parchment, 
It does not paſs when it is wet, 

It is known that water penetrates the bladders of 
ſeveral animals from without inwards, and not 
from within outwards. Air ſeldom penetrates a 
| hag's bladder, when its inner ſurface is expoſed to 
itz and when it does penetrate. it, it is with an ex- 
treme ſlownels, ape when it is impeled _ 
by a ſmall force. 

Air does not penetrate a. hog's bladder. Tag its 
outward ſurface, but water op it, tho? 
pretty ſlowly. 

There paſſes with the water a very ſmall quanti- 
ty of air, which proves both that water may paſs 
where air does not, and that when it does. paſs, it 
is by opening itſelf paſſages, thro* which air takes 
the advantage of accompanying it. 


Water 
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Water, tho* impelfed only by a little force, pe- 
W the inner ſürface of the bladder, 'which it 
does not penetrate in the living animal, but this 
is becauſe it is? not then impelled by any force, 
fince thefe two furfaces are equally preſſed by the 
inward and outward air : Thence M. de Reaumur 
concludes, that membranes of our body, which in 


their natural ſtate are not penetrable by certain li- 


quors, will become ſo when an extraordinary rare- 
faction of air ſhall cauſe them to be leſs compreſſed 
by one of their ſurfaces than by the other. We ſee 
by this example, that M. de Reaumur's experiments, 
which might naturally be uſeful in the arts, will be 
ſo alſo in medicine, and this unforeſeen uſe may 
give us reaſon to expect more. 


. Of, eme extraordinary offs of thunder. 


The Chevalier de Louville, being at Nevers, 
obſerved ſome remarkable effects of a violent ſtorm 
of thunder there; a tree of the park of the caſtle, 
was ſplit into three at the top of the trunk, and 
had three furrows of unequal bigneſs made in the 
wood, juſt as if three musker balls had been ſhort 
from the top of the tree towards the root ; the 
tree was barked on one fide from about the middle 
quite to the bottom; tho? it was crooked, yet the 
three ſtrokes followed the bendings exactly, ſliding 
continually between the wood and the bark, both 
in the upper part of the trunk which was ſtill co- 
vered with bark, and in the lower part which was 
covered but on one ſide; but what was moſt re- 
markable was, that the wood was not blackened at 
all, and had no ſign of burning. 

Upon this, the chevalier de Louville explains 
how thunder can have great effects without burn- 
ing; it is certain in the firſt place, that it has grea: 
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ones upon animals, and that when it falls pretty 
near them, the ſulphurous vapour alone is ſuffi- 
cient to take away their breath and kill them, with 


out the appearance of any hurt or bruiſe upon 


their whole body. But as for the tree, there muſt 
be another cauſe; M. de Louville thinks. that 
when the thunder falls from ſuch a height, that its 
flame is diflipated before it can reach the earth, 
the air being violently driven by the impetuous 
motion of this flame; and confequently condenſed 
in an extraordinary manner, becomes a fort of 
hard body, of which the ſhock muſt have a great 
deal of force. 
Hence alſo he explains another clap of thunder, 
the effects of which he ſaw at Nevers, the ſame | 
day. There was a faggot upon the two. dogs 


laid in the chimney in order to be kindled, the 


thunder fell down the chimney and broke the fag- 
got into a hundred thouſand bits, without ſetting 
fire to it, or ſo much as blackening itz pro- 
bably the funnel of the chimney coofining-the 
courſe of the air, _ alſo _— the impe- 


tuoſity of it. 


On this occaſion it was 64 that the kindled 


matter which forms the thunder, may come out 
of the cloud in a ſmall quantity, and afterwards 


find in the air a great deal of matter of the ſame 


nature and kindle it, for then the air is extremely 
loaded with fulphurous exhalations. Perha 


this is partly the reaſon why lightning crinkles, 
for it is ſecking in the air for a nouriſhment which 


II. 
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III. Of ome petrified ſhells found at a confider- 
+. able diſtance from the ſeg, © 
M de Lagny has ſeen in Poitou ſame petrified 
ſhells very well preſerved, which were found 8 
or 10 feer deep in the ground, upon ſome hills 10 
or 12 leagues from the ſea ; there were among 
theſe ſhells ſeveral cornua ammonis. He ſaw al- 
ſo a field quite covered with oiſter ſhells as large 
. e 
IV. Of the American rat, or mus alpinus. 
M. Sarraſin phyſician at Quebec, from whom we 
have had an exact and curious hiſtory of the bea- 
ver in the memoirs of 1704, has ſent one of the 
American rat, which is very like that which Mr. 
Ray has deſcribed under the name of mus alpinus. 
It alſo ſo much reſembles the beaver, that M. Sar. 
| ra/in, who knows: them very well, ſays he ſhould 
take it at firſt» ſight for a beaver of three or 
four months. That which he diſſected weighed 
four pounds; we ſhall not enter into the anatomical 
p11. In 5 ER 7 
This rat is of the claſs of animals that gnaw. In 
March, when the ſnow that always falls abundantly 
in North America, is not entirely melted} it goes 
out and lives upon pieces of wood that it breaks; 
after the melting of the ſnow, it commonly lives 
upon the roots. of. nettles, afterwards upon the 
ſtalks. and leaves of that plant, and in ſummer 
upon ſtrawberries and raſpberries, its nouriſh- 
ment grows continually more delicate. A little 
while after its going abroad it thinks of multi- 
plying its ſpecies; they go freely together till 
autumn, and at the beginning of winter they ſe- 
* Vol. II, Page 181 of this abridgment. 
5 parate 
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parate, and take up their lodging each in its hole, 
in ſome hollow tree, without any proviſions. Thik 
is what the ſavages. relate, who according to M. 
Sarraſin, obſerve the nature of animals pretty well, 
which® is che bnly part 0 of philoſophy x with which 
they are acquamnted. 

To make the long time which the Hmer cit * 
mouſt live without nvuriſhtnerit more probable, M 
S4rFafin relates that at Quebec, he chained a bear 
ft uader fond plats & Govered with ſhow; from 
November, and that in April when the friow Was 
melted it was found there alive and well, 


V. On the fit of the fiphon i in vacuo. 


A ther tube or 1 phon being put into a veſſel ful 
of water, by one of its branches, which I call the 
firſt, and the other conſequemly the ſecond, it is 
plain that the preſſure of the exterior air upon the 
water of the veſſel muſt not make. ir riſe in the 
branch, becauſe this branch 1s filled 'wich an air 
that preſſes the water which anſwers to it, and 
oppoſes itſelf to its elevation with a force equal to 
that of the exterior air. The air contained in the 
ſecond branch has alſo the ſame action as that of 
the firſt, and oppoſes itſelf in lixe manner to the 
elevation of the water; but if we go to ſuck at the 
end of the ſecond branch, we draw the air of both 
and diminiſh the quantity of it; and conſequently 
the exterior air, which preſſes upon the water of 
the veſſel becomes the ſtrongeſt, and makes the 
water riſe in the firſt branch, from whence it pal- 
Jes into the:ſecond. + 
If we leave off fucking, we muſt in . to 

know what will happen, determine the length of 
the ſecond branch with regard to that of the 


firſt, The air, which tends to enter again into 
| the 


* 
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the: ſecond branch, and from thence into the fffſt, 
has in: this tendency ora action the Whole force of 
the weight of the atmoſphere, minus that of tlie 
column of water contained in the ſecondibraneh, 
which acts againſt it. On the other ſide, the ex- 
teriom air which elevates: the: water in the Arſt⸗ 
branch, has the whole forcecof the weight of the- 
atmoſphere, minus that of che column of water 
containetl in the firſt. Branch, the elevation of ich 
exhauſts part of irs! force. Thus here are Wo 
forces equal in themſelves; bat both wWeakened by 
the circumſtanees and actin . one againſt another; 
if they are equally weakened, that is, if the —. 
branches of the ſyphon are of the ſane lengt 
there will! be an equilibrium; and conſ — 
as ſoon as we leave ſuck ing. the water will ceaſe 
riſing in tho. firſt. branch, and going oùt By the 
ſecond. Much more wilł this effect happen; if the 
ſecond branch is the ſhorteſt and by che contrary” 
reaſon. the water will ichntinue to go. out by:the/ 
ſecond branch, if that is-the-longeſt; as) it always 
is in the phone, which meim e Tor this" 
uſe. . C 1 35; A9 

The weight of che air theref@r6 f is dulce f 
the affect of the ſyphons, andtno philoſopher diſ- 
putes it che ſyphons alſo being put into motion 
in the: free air yield the water more ſlowly in the 
pneumatic machine, in proportion as we pump out 
the air, and at laſt quite ſtop when the air is pump- 
ed out as much as it can be. If we place them a- 
gaim in the free air they do not begin to flow, un- 
leſs we ſuck them ane w. and it evidently muſt be 
ſo, becauſe they are in the ſame caſe as it they man 
never flowed. 

M. Homberg however has obſerved that certain 
ſyphons, which had ſtopped in the vacuum, 
had begun again to flow of themſelves, as ſoon as 

I | they 
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they were ſet again in the free air; theſe have a 
very ſmall diameter, as about; of a line: now. 


what force muſt that be which puts them in mo- 
jon again as ſoon as they are in the free air? 

When they were firſt there they emitted the wa- 
ter drop by drop, and at the diſtances of about 2 
ſeconds, whereas the others of a greater diameter 
emit. it in continued threads of an equal diameter 
to that of the ſecond branch. This | difference 
comes from the very ſmall ſyphons being full of 
water as ſoon as they are wetted, in their inner 
ſurface, a drop of water which wets a ſmall part 


of this ſurface, joins itſelf to the drop of water 


which is overagainſt it, and this by a certain viſci- 
dity, which naturaliſts acknowledge to be in wa- 
ter. When theſe ſyphons are in the free air, and 
are once moiſtened by the water, which has paſſed 
through, that their motion may be continued, the 
weight of the air muſt ſurmount not only the 
weight of the water which it has raiſed, but the 
viſcidity of it alſo, which is performed only by 
a certain quantity of water collected, and conſe- 
uently with a certain time, and thence it comes 
that theſe ſy phons flow only drop by drop and at 
ſeveral times. Each drop that comes out partly 
falls, becauſe it is impelled by the weight of the | 
upper drops. When we put theſe ſyphons in va- 
cuo, not only the weight of the air acts continually _ 
leſs and leſs, and at laſt acts no longer, but alſo 
the air contained in the water is extended, becauſe | 
it is no longer preſſed by the outward air; it diſ- 
engages itſelf from within the water, and forms 
great bubbles, which interrupt the ſeries of the 
drops of water, with which the two branches 
were moiſtened and filled; and thoſe which are 


at the extremity. of the ſecond, have no longer Aa 
| | ſuffi- 
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ſufficient weight, and are no longer ſufficiently 
preſſed by the others to make them fall. If we 
replace the ſyphons in the free air, the air which 
was extended is obliged to reſume its firſt bulk, 

the drops of water which it no longer keeps . 
Parate fall again, the upper upon the lower ones, 
and the ſyphon begins to flow again as faſt as it is 
wetted, but always drop by drop, and always more 
ſlowly, and does not ceaſe till its ſecond branch 
is dry, at leaſt to a certain point. 

It follows from this explication, that if water 
was without air incloſed in its interſtices a very 
ſmall ſyphon would continue to flow in vacus, 
as long as it was wet. This is alſo what M. Hom- 
berg has experimented with water freed from air, 
whether becauſe it had been made-to boil well, or 
becauſe it had been putinto the pneumaticmachine, 
and this phenomenon, which ſeems at firſt ſight ſo 
contrary to the ſyſtem of the weight of the air, 
agrees perfectly with it, and is a neceſſary conſe- 


quence of the ſpring of the air ſtretched by its 


gravity. 
It is eaſy to n ps if for the experiment of 


the capillary ſyphons, we make ule of liquors 
which contain more àir, or air which: diſengages 
itſelf more eaſily, ſuch as fermented liquors, the 
ſyphons will ſtop fooner in the vacuum, alſo, all 
the reſt being equal, they muſt ſtop ſooner in win- 
ter than in ſummer, for in winter the air is more 
_ diſpoſed to diſengage itſelf, ſince in frozen liquors 
it is full of great bubbles; we ſhall judge alſs by 
this experiment, that fat liquors, as oil or milk 
contain leſs air, or air more engaged, for with 
theſe liquors the fyphons do not * in the vacuum 
in any time 1 


Vor. IV. No 44. C ec VI. 
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VI. On the e off ble per feltien of na-. 
cines moved by animals. ; 


Mecharicks can do nothing more ingenious and 
more uſeful at the ſame time, than to determine 
how far they may be uſeful, and in what bounds 
all the advantages which they promiſe are contained. 
All poſſible machinesare moved either by animals 
or by fluids, which are made to work inſtead of 
animals; thoſe of the laſt ſort have already been 
examined by M. Parent, and now he examines 
thoſe of the firſt. 

An effect of a machine can never be greater than 
the natural and ſimple effect of the power which 
moves the machine. Thus if the natural effect of 
the force of a man is to raiſe 24 pound, by going 
1000 toiſes in an hour, and of a horſe to raiſe 
170 pound, by going 1800 toiſes in an hour, a 
machine moved by a man or by a horſe could ne- 
ver do more let it be compounded with ever fo 
much art, and it would even be much leſs becauſe 
of the inevitable frictions, but we do not confider 
them here. The effect of the machine moved by 
a man will therefore never be more than the pro- 
duct of 24 pounds, by a 10co toiſes of velocity 
in an hour, or the product of 24 by 1000, in 
what manner ſoever this product is formed by the 
weight and by its velocity; for it is always the 
ſame quantity of motion, and thence it follows, 
that a man going 1000 toiſes in an hour, may 
raiſe a weight of 24000 pounds, provided this 
weight goes but one toiſe in the ſame time, and 
it is the ſame with all the other infinite ways 
by which the product 24000 may be formed. 
The mechanical effect therefore has neceſſarily for 
a limit the natural effect of the power which * 
the 
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the machine, and indeed it is impoſlible to draw 
a new force from nothing. If we would have a 
man going 1000 toiſes in an hour raiſe 24 pound, 
it is beſt not to uſe any machine, but if we would 
have him raiſe more than 24 pound, there muſt 
be one, which preſerving to the man his natural 
velocity, diminiſhes that of the weight in propor- 
tion as it is bigger: the whole comes to this, the 
different arms of the lever, by which either the 
power or the weight act in machines, only regulate 
their velocities, and always repreſent them geo- 
metrically. +] ee 

When therefore we have a machine moved by 
animals, which raiſes a weight, its effect being the 
product of the weight by the velocity which the 

machine gives it, there is nothing more eaſy than 
to compare this effect with the natural effect of the 
animals, and thereby to ſee how much it is leſs, for 
it is always ſo becauſe of the frictions; the more 
the machinal effect ſhall approach to the natural, 
the more perfect will the machine be. 

It animals draw one or more boats, the obſtacle 
which they have to overcome is the reſiſtance of 
the water, the greatneſs of this reſiſtance depends, 
It, on the greatneſs of the ſurface which puſhes 

the water before it. 2d. on the velocity of this ſur- 
face with regard to that of the water, which is cal- 
led the reſpective velocity of the ſurface : If it is 
moved the ſame way with the water, its reſpective 
velocity is the exceſs of its velocity above that of 
the water; if it is contrary to the water, its reſ- 
pective velocity is the ſum of its velocity, and of 
that of the water; if the water has no velocity, 
as that of a pond, then the reſpective velocity of 
the ſurface is its proper and abſolute velocity. 
Now it muſt be remembred, that becauſe we are 
conſidering a moved fluid, we ought to take the 
GCE A ſquare 
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ſquare of the reſpective velocity. 3d. The reſiſ⸗ 
tance of the water depends on its weight, or on 


its maſs, for it is plain that the ſame ſurface mo- 


ved in the air with the ſame reſpective velocity, 
would find leſs reſiſtance than in water. 

The obſtacle which animals have here to over- 
come is therefore the product of theſe 3 magni- 
tudes, the weight or maſs of water, the ſurface 
moved in the water, and the ſquare of its reſpective 
velocity: M. Parent concludes from feveral ex- 
periments made by skilful mathematicians, that 
the water of the Seine ſtriking againſt a ſurface 
of a foot ſquare, with a velocity of a foot in a 
ſecond, has a force of 22 ounces ; it now remains 
to know, what ſhall be the ſurface that the-boats 
ſhall preſent to the water, the difficulty 1s that 
their ſurfaces are crooked, and may be differently 
crooked in each. But M. Parent ſhews a very 
eaſy way of making them all equal to a plain ſur- 


face, I mean the furfaces immerged in the water, 


which muſt puſh it before them or bear its reſiſ- 
tance 3 we need only put upon the end of a poſt. 


in the middle of the river a fixt pulley, over which 


paſſes a cord, one end of which is faſtened to the 
boats that we would draw, and the other to a great 


flat table, plunged in the water by degrees, *t1ll 


it receives a ſufficient impreſſion to be driven ac- 
cording to the ſtream, and thereby obliges the 
boats to move in order to riſe again; it is cer- 
tain the part of the table immerged in the water, 
will be a ſurface equal to thoſe of all the boats to- 
gether, which have the reſiſtance of the water to 
ſurmount, there will be as many times 22 ounces 
of force in the water, as ſquare feet in this ſur- 

face. 
We ſhall therefore have the reſiſtance of the wa- 
ter expreſſed in a certain number of pounds, act ing 
| with 
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with a velocity of a foot in a ſecond againſt a ſur- 
face of a certain number of ſquare feet. Here is 


what the effort of the animals muſt equal in the 


ſtate of equilibrium, here is what they muſt ſuſtain 
out of the equilibrium, here is the reſiſtance they 
muſt ſurmount to draw the boats, and as, they 
will impreſs a certain velocity upon them, which 
will augment the reſiſtance of the water, which 
the animals will haye to overcome, it will be.the 
weight of 22 ounces taken as many times as there 


are ſquare feet in the flat ſurface of the experiment, 


and multiplied by the ſquare of the reſpective ve- 
locity of the boats; and it is plain, that this pro- 
duct can never be greater than the natural effort of 
the animals, as we have determined. | 
If it is a running water, its velocity enters into 
the expreſſion of the reſpective velocity of the boats, 
whether they go up or down, and as this velocity 
is determined, that of the Seine, for example, to 
be one. foot in a ſecond, there is a determinate 
quantity which enters into the reſiſtance of the wa- 
ter, and conſequently requires that a certain part 
of the force of the animals ſhould be determined 
alſo. All the reſt almoſt is free, that is, we may 
vary the force of the animals as we will, and the 
oppoſite charge, which is the ſum of the ſurfaces 


of the boats immerged in the water. If the charge 


remaining the ſame the force of the animals di- 
miniſhes, or which is the ſame thing, their num- 
ber, for we mult ſuppoſe that they always go with 
the ſame velocity, or if the force of the animals 
remaining the ſame, we augment the immerged 
ſurfaces of the boats, either by augmenting their 
number or loading them more, it is plain that in 
theſe two caſes the boats will go more ſlowly. But 
if the water is ſtil], the reſpective velocity of the 


boats being no more than their proper velocity, 
| . 
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and the determined velocity of the water making 
no longer a part of it, then all is free, and we may 
draw as great a number of boats, or as much load- 
ed as we will, with as ſmall a force as we will, on 
condition that the boats ſhall go very ſſowly, and 
this is only what is continually found in all me- 
chanicks. 2 
If the animals which draw the boats are applied 
to a machine fixed upon the ſhoar, as M. Parent 
fuppoſes, this machine will farniſh the arms of a 
lever, one of which will belong to the animals, 
and the other to the oppoſite charge or load, the 
Proportion of which will repreſent that of the 
velocity of the animals, to the velocity of the 
r 3 
But if inſtead of a machine fixt upon the ſhoar, 
we make uſe of a machine carried upon the boats 
themſelves, which can be only a double mill faſt- 
ened on the outſide to the two ſides of che firſt boat 
which will draw the reſt, then the water acting a- 
gainſt the ſails, or vanns or floats of each mill, and ob- 
liging the cord drawn by the animals to turn about 
a roller, will impreſs on the boats a motion added 
to that which the animals impreſs on it. 
In all cafes whatſoever, M. Parent's theory 
gives him a ſure mean to find any magnitude what- 
ſoever, that enters into the moving force or the 
load oppoſed, when the other magnitudes ſhall be 
given or known. It is only a calculation, but 
it ſometimes requires art and delicacy in the appli- 
cation, and thence it comes to have its particular 
beauty. 


VII. Of a new theory of the working of veſſels, 


This year there appeared a new book of M. 
Bernoulli, intitled an eſſay towards a new theory 


of - | 


Lo 
7 
4 


to M. Renauon another important point, which 


noulli neceſſary, and by its great very difficultymore 
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of the working of veſſels, the firſt and only one 
that has hitherto come out of his hands 


has contented himſelf with diſperſing either in our 
Memoirs, or in the Leipfic acts, different detached 
pieces, each of which is equal in value to many a 
great book. The occaſion of this work was the 
theory of the working of veſſels by the Chevalier 


Renau, printed in 1689, . when it appeared, M. 


Huygens had a conſiderable difficulty with M. Re- 
nau on a fundamental point. As theſe ſubjects 
do not belong to pure geometry, but depend on a 
very nice mixture of geometry and phyſicks, and 
beſides as this was quite new, and as M. Renau 
was the firſt who ventured to touch upon it, it 
was no wonder, that there ſhould ſtill remain ſome 
difficulties to clear up, or even that the geome- 
tricians ſnould be divided about it: and indeed 
they were divided, for ſome were for M. Huygens, 


others for M. Renau, and among theſe laſt was 


M. Bernoulli, who not having ſeen. M. Renau's 
book, judged of the diſpute only as it had been 
explained to him by the Marquis de Hopital; a 
long time afterwards he ſaw the book and altered 
his opinion, but he ſtill found himſelf in oppoſition 


M. Huygens had not taken the pains to conſider, 
or elſe had been convinced of it, and as the alte- 


ration of theſe two points make a different theory 


from that of M. Renau, much leſs ſimple indeed 
and more embarraſſing, but according to M. Ber- 


inciting to a great geometrician, he refolved to 
make a complete work of it. 
account of it, as if it was the only one that had 
been compoſed on this ſubject, and without entring 
into either ſide of the controverted points, we ſhall 
only give {ome preliminary or general informations 
which 
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which will facilitatethe underſtanding of the book, 
for in order to a more large diſcuſſion, the book 
itfelf ought to be conſulted. ee 4: Ob. 
Suppoſe a veſſel at reſt with its fail, which is 
ſuppoſed to be flat, and continues always ſo not- 
withſtanding the action of the wind; this veſſel 
being impelled by the wind In a firſt inſtant; takes 
at preſent, becauſe of its great bulk, no more than 
an almoſt infinitely ſmall velocity, and conſequent- 
ly the water reſiſts it but very little. The wind 
blows again in a ſecond inſtant, and impreſſes on 
the veſſel a new velocity, which being added to 
the firſt makes an accelerated velocity, and the 
water makes more reſiſtance to this greater velocity. 
Laſtly, the velocity of the veſſel is continually 
accelerated from one inſtant to another, and the 
reſiſtance of the water continually augments alſo, 
till this reſiſtance becomes of an equal force to the 
augmentation of the vel@ity of the veſſel; then 
if the wind and water were to be ſuddenly anni- 
hilated, and the veſſel conſequently found in the 
vacuum, it would go to infinite according to a 
right line, with an uniform velocity equal to the 
laſt degree of acceleration, which it received from 
the wind in the laſt inſtant, But this laſt degree, 
to which the reſiſtance of the water 1s equa], being 
acquired, the veſſel is not in the vacuum, the action 
of the wind and the reſiſtance of the water always 
ſubſiſt; however, becauſe this action and reſiſtance 
are become equal, they mutually deſtroy one an- 
other, and the veſſel is in the ſame caſe as if it was 
in the vacuum; it will go therefore thenceforward 
with an uniform velocity, and the continual action 
of the wind upon the ſail will only deſtroy the con- 
tinual reſiſtance of the water. It is in this ſtate of 
uniform velocity that the motion of the veſſel is 


conſidered. 5 | 
T hat 
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That the motion may be effectively uniform, 
the wind muſt no longer accelerate it; and for 
this it muſt meet the veſſel, not as fly ing before 


it, for it would accelerate its motion ; but e being 


at reſt, and that the wind may always tneet the 
veſſel as being at reſt, tho? it really flies; the ve- 
locity of the wind muſt be as infinite with relation 
to that of the veſſel. This is alſo. what M. Ber- 


noulli ſuppoſes in his whole theory. It is true, that 


when a veſſel makes 3 leagues in an hour, whilſt 


the wind makes 3, the ſuppoſition is very far 


from the truth; but M. Bernoulli reaſons ſafely 
upon this ſuppoſition, the known errors of fop- 
poſition are not errors in geometry. _ 

The force of the wind, which drives the veſſel 
with an uniform velocity, and the reſiſtance of the 
water being equal, and deſtroying: each ather, 

theſe two forces mult act one againſt the other in 
the ſame right line, for otherwiſe they would pro- 
duce a common effect, and not eee one an- 


other: 
The force with which the wind acts upon a 2 dal 


E234 % 


always ſuppoſed flat, depends upon three things. 


or magnitude, by which it is produced, as that of | 


every fluid which ſtrikes a plain ſurface, 


1. On the magnitude of the ſurface. 
2. On the angle of incidence of the fluid o on the 


furface: 
3. On che velocity of the fluid. 


The iſt point is: clear. MA 

As for the 2d, it is clear * a f cls 
ſtrikes a ſurface obliquely, ſtrikes it only accord- 
ing to the degree of perpendicularity in its di- 
rection, that is, according to the fine of the an- 
gle of incidence, and conſequently the impulſe is 

Vol. IV. No. 44. Ddd + fo 
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ſo much ſtronger as the fine is greater, or the ob- 
lique impulſe Jeſs oblique. Beſides, in proportion 
as the incidence is more oblique, a leſs quantity of 
the fluid ſtrikes the ſurface, and we ſhall fee it 
plainly by conceiving the incidence infinitely ob- 
lique or parallel to the ſurface, for then the ſurface 
is not ſtruck by any quantity of the fluid ; and in 
the oppoſite caſe, which is that of the perpendicu- 
lar incidence, it is ſo thro? the whole poſſible quan- 
tity of the fluid. It is very eaſy to prove, that 
the different quantities of water, which anſwer 
to the different incidences, are as the ſines of the 
angles of incidence. Whence it follows, that the 
forces of the different 3 are as the ſquares 
of theſe ſines. 

For the 3d point, every body knows that the 
different impulſes of a fluid, moved with different 
velocities, are as the ſquares of theſe velocities ; 
becauſe a fluid moved with more velocity, ſtrikes 
both with more force, and in the ſame time with 
a much greater number of parts, and that this 
greater number is in the ſame ratio with a greater 
velocity. 

Therefore the force of the wind upon the fail 
is a product of the ſurface of the ſail, by the 
ſquare of its ſine of incidence, and by the ſquare 
of its velocity. If we ſuppoſe the wind always the 
ſame in different caſes, its velocity is no longer to 
be conſidered. It will be the ſame with the ſail 
always ſuppoſed the ſame. 

The reſiſtance of a water which is not running, 
as that of the ſea, to a veſſel which moves, is the 
ſame as the impulſe of the ſame water if it was 
running, againſt the ſame veſſel at reſt. Thus 


the reſiſtance on the water is regulated by the im- 
pulſe. 
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pulſe of the wind upon the fail, though with a 
a great difference which muſt be obſerved. 

A veſſel has a crooked ſurface, compoſed. con- 
ſequently of an infinite number of plain ſurfaces 
infinitely ſmall, differently inclined to each other, 
which cauſes the incidence of the water to be dif- 
ferent from each of them; whereas the incidence 
of the wind is the ſame upon the whole fail, always 
ſuppoſed flat. From all the partial reſiſtances 
of the water to each infinitely ſmall ſurface of the 
crooked veſſel, there is formed a total reſiſtance, 
which may be alſo called mean; and it is this 
reſiſtance alone that is equal, and directly oppolite 
to the action of the wind upon the ſail. 

To be able to expreſs it geometrically, we 
muſt know the curvity of the veſſel, and the geo- 
metricians plainly perceive, that we ſhould then 
fall into integrations that are often impoſſible, and 
always difficult, M. Bernoulli avoids all this 
difficulty by conſidering at firſt a veſſel, which is 
only an oblong rectangular parallelipiped, or if 
you pleaſe, a ſimple parallelogram, which conſe- 
quently has but two ſides differently ſtruck by the 
water, 

Theſe principles being eſtabliſhed, and theſe 
ſuppoſitions made, there are two principle things 
to be conſidered on the motion of the rectangu- 
lar veſſel, its courſe and its velocity. 

. plain at firſt, that 1ts courſe, or the direc- 
tion of its motion, depends on the line, according 
to which the wind impels the fail. The wind, 
which in general is ſuppoſed oblique to the fail, 
impels it only according to what perpendicularity 
the ſail has in its direction and by no means ac- 
carding to its paralleliſm, and conſequently the line 


Ddd 2 ac- 
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according to which the wind impels the fail, is al- 
ways perpendicular to it. Thence it follows, that if 
the ſail is always in the ſame fituation, or directed 
according to the ſame diameter of the horizon, 
the wind, tho? it falls upon the ſail under different 
angles, will always impel it according to the 
fame line, becauſe the perpendicular to the fail 
will be always the ſame, or directed to the fame 
point of the horizon. Much more will it be ſo, 
if the incidence of the wind is always the ſame, 
for the wind blowing according to a certain deter- 
mined diameter of the horizon, the equality of 
incidence determines the fail to be directed accord- 
ing to another diameter of the horizon, which is 
always the ſame, M. Bernoulli calls the perpen- 
dicular, according to which the wind impels the 
fail, the line of the moving force. 

If the. veſſel was round, the perfect uniformity 
of its figure would make it find in all its parts an 
equal refiſtance of the water, and conſequently it 
would go according to the line of the moving 
force, or the perpendicular to the ſail. If the 
veſſel being rectangular had infinitely more faci- 
lity to cleave the water according to the line of 
its keel, which weuld be a right line drawn thro? 
its centre parallel to the great ſide, than according 
to the line perpendicular to the keel, it would go 
according to the line of the keel, and not accord- 
ing to that of the moving force; for it receives 
from the wind an impreſſion of motion, and be- 
cauſe of the reſiſtance of the water ſuppoſed infi- 
nite according to the great ſide of the parallelo- 
gram, this motion cannot be executed but accord- 
ing to the ſmall fide, and conſequently will go 
only according to the line of the keel. _ the 

oy up- 
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ſuppoſition was chimerical, and the veſſel which 
has more facility to cleave the water by the little 
ſide than by the great one, has not infinitely more 
. of it, and conſequently is found in a mean caſe 
between the two extremes which we have conſi- 
dered; one of which was that of the equal refif- 
tance of the water, and the other that of its re- 


ſiſtance infinitely unequal. Therefore, if in the 


1ſt cafe it followed the line of the moving force, 

and in the 2d that of the keel, it muſt in the 
mean caſe follow a mean line, which will be its 
true courſe. PoE BHD FI 


In the conſtruction of veſſels it is endeavoured to 


give them ſuch a curvity, that the greater facility 
they have to cleave the water by the prow, or ac» 
cording to the line of the keel, than by the fide, 
may be the greateſt poſſible, and the imention 
ſhould be, that the courſe be made according to 
the line of the keel. It is impoſſible however, but 
that the water muſt reſiſt the prow as well as the 
ſide, though much leſs, and conſequently the line 
of the courſe turns aſide more or leſs from that of 
the keel, according to the greater or leſs inequa- 
tity that there is between the reſiſtance that the wa- 
ter makes to the prow, and that which it makes 
to the ſide, which comes from the different figure 


of the veſſel. The angle which the courſe makes 


with the keel is called the Angle of the Deri- 
vation. | r ET 

It ſeems at firſt, that the magnitude of this an- 
ole muſt depend only on the greater or leis ine- 


quality of the reſiſtance of the water, or which 


comes to the fame thing, on the figure of the veſſel, 
But M. Bernoulli makes another conſideration 
to enter into it. The figure of the veſſel being 
determined, the line of the moving force may 
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be ſuch, that it will drive the veſſel more accord- 


ing to the keel, which is the way by which it ad- 
vances moſt eaſily, or that on the contrary it will 


drive it more according to the perpendicular to 


the keel, which is the leaſt favourable way to the 
motion. Now the more the veſſel ſhall be im- 


pelled the way that it advances moſt eaſily, the 


more will its courſe approach to the keel, and on 
the contrary. And conſequently the veſſel having 
always the ſame figure, the angle of the deriva. 
tion will vary according to all the different poſi- 
tions that the line of the moving force can have 


with relation to that of the keel. 


It is evident, that if the line of the moving 
force concurs with that of the keel, there is no 
derivation, and the courſe is made according to 


the keel. 


When the courſe is as uſual, a mean line be- 


tween that of the moving force and the kl, this 
mean line is in the ſame caſe, as if according to 
the theory of compound motions it reſulted from 
the actions of two forces, one of which acts ac- 
cording to the line of the moving force, and the 


other according to the keel. In this caſe, if theſe 
2 forces were expreſſed by the two lines which 


they would endeavour to run over in the ſame time, 
the diagonal of the parallelogram, of which theſe 
2 lines would be the ſides, would expreſs the reſult 
of their actions, or the lines that the movable 


ought to run over. We may therefore concewe 


the veſſel as impelled by 2 winds, and for the 
greater facility, by 2 winds perpendicular to one 
another, each of which ſhould be perpendicular 


to the fail which is expoſed to it. We ſuppoſe alſo 


the ſails equal. It would feem that the 2 lines, 


which each wind in particular will make the veſſel 
run 
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run over in the ſame time, being determined in 


magnitude, the diagonal of the rectangle will be 
the courſe that the veſſel will make in the time de- 
termined, but M. Bernoulli reaſons otherwiſe. 
The velocity, which each wind in particular 
would impreſs on the veſſel, is uniform, accord- 
ing to what we have ſaid, and the reſiſtance that 
the water will make to each of theſe velocities, is 


equal to the force with which the veſſel is im. 
pelled by each wind. Now here all the magni- 


tudes which enter into the reſiſtance of the water 
being equal, except the velocities, the two re- 
ſiſtances of the water, each equal to the force of 


the correſponding wind, are therefore as the 
ſquares of the velocities, and conſequently we 
ought to conſider the veſlel as impelled by two 
forces which are as theſe ſquares. The parallelo- 
gram, the diagonal of which ſhall be the courſe 


of the veſſel, muſt not therefore be made under two 


fides, which are as the velocities, but under 


a ſides which are as their ſquares, which changes 


the direction or poſition of the nn or of the 


courſe. 


The courſe of the veſſel will be mnpraſis 
by this diagonal, but not by its velocity, ſince: 
the ſides of the parallelogram repreſent not the 


velocities but their ſquares. This diagonal 
will therefore repreſent the ſquare of the velo- 

city of the veſſel, whence the veg will be ea- 
ſily deduced. | 


But to examine the velocity yet more cloſely, 


let us conſider, that it is ſo much the greater as the 
moving force is greater, and moves the veſſel ac- 
cording to a line more favourable to the motion. 
The wind and the fail being always ſuppoſed 
the . the greatneſs of the moving force de- 
pends 
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pends only on the incidence of the wind upon the 
fail, the nearer this inciclence approaches to 
dicularity, the wind has the mare force, _—_ 
veſſel the greater xelocity.:,. 7-46 ohh 
But # we ſuppoſe the incidence of the wind 


upon. the ſail-always the fame, and conſequently the 


moving force equal, there is ſtill one thing which 


makes the velocity of the veſſel vary, the poſi- 

tion of the fail with regard to the wind: being de- 
termined and fixed; that of the fail with I to 
the keel is not fo, and we may by means af the 
rudder, put the keel into different ſituations with 
regard to the ſail, the courſe is a mean line be- 
tween that of the moving force; which in the pre- 
ſent ſuppoſition is fixt, and that of the keel. We have 
already ſeen, in ſpeaking of the angle of deri- 
vation, that according as the line of the moving 
force was more or leſs approaching to that of the 
keel, the veſſel was impelled in a manner more 


or leſs favourable to its motion, and this is the | 
ſecond condition on which the velocity depends 1 


we ſhall now ſee this more particularly. | 
The courſe is a mean line between the line of 
the moving force and that of the keel, and it 
changes its direction as we have ſeen, when the 
le of theſe 2 extreme lines changes. Therefore 
the poſition of the line of the moving force being 
bed, if that of the keel changes, the courſe 
changes alſo. It is on the direction of the courſe 


that the different incidence of the water on the 


great fide depends, and on the little one, of the 
rectangular veſſel that is, that according to the 
different  courſe-the angles of incidence of the wa- 
ter upon each of the two fides vary between them- 
ſelves, and are more or leſs unequal, Theſe 


two angles taken together always make a right 
x one, 
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one, but the fines of two angles that are equi- 
valent ts a right one, do not make a ſum equal to 
that of the ſines of 2 other angles, which are alfo 
equivalent to a right one, and conſequently accord 
ing to the different-courſe of the veſſel; the ſums 
of the fines of the angles of incidence of the 
water upon the two” ſides are different. Now 
theſe fines or their ſquares expreſs the different re- 
ſiſtances of the water to each fide, and conſequently 
the ſum of the two lateral reſiſtances of the water 
varies according to the different courſe, and con- 
| ſequently alſo the velocity of the veſſel.” It is plain 
that a leſs velocity anſwers to a greater ſum of the 
lateral refiſtances. 11 10 TRIS FOI 
The two lateral or partial reſiſtances of each 
courſe produce a mean or total reſiſtance, which 
it is eaſy to calculate. Each of theſe mean reſiſt- 
ances is equal to the force by which the veſſel is 
impelled. Now in the two different courſes, 
the moving force is the ſame, ſince the incidence 
of the wind upon the fail is ſuppoſed the ſame; 
therefore the two mean reſiſtances are equal, and 
as there neceſſarily enters into the expreſſion of 
each, the particular velocity, by which the veſſel 
is impelled according to each courſe, we have the 
relation of theſe two different velocities to magni- 
tudes, into which there enter only the known ſides 
of the veſſel, and the courſes or lines which depend 
open ieee ee ee le 
From all that has been ſaid it reſults, that 
there muſt be a greater for the velocity of the veſ- 
ſel, that is, that the incidence of the wind upon 
the ſail being always the ſame, there will be a po- 
ſition of the keel with regard to the line of the mo- 
ving force, ſo that the veſſel will have a greater 
velocity in this diſpoſition than in any other. This 
Vol. IV. . De e greater 
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greater - velocity, which the calculation gives'with- ⸗ 
out difficulty, is found when the diagonal of the 
rectangular veſſel. is in the line of the moving force, 
and conſequently perpendicular to the fail; one 
might be ſurpriſed at firſt, that it is this diagonal, 

which ſhould be put in this ſituation, and nat the 
keel, that is, the line drawn through the centre of 
the parallelogram, parallel to the great ſide, for 
the keel is always the moſt favourable line to the 
motion, But it is eaſy to ſee that the greater ve- 
locity anſwers to the leaſt reſiſtance of the water, 
and that it is at the point, or at any angle 
whatſoever of the parallelogram that the water 
reſiſts the leaſt; what had been called the keel was 
not ſo in reality, it is the diagonal that is ſo, 
and the error of the word being g diffiguead, there 
is no longer any paradox. 

The line which expreſſes each velocity, is abe 
taken upon the line of the courſe, and as the 
different velocities of the veſſel for each courſe, or 
which comes to the ſame thing, for each poſition 
of the keel, have known relations, we may con- 
ceive the infinity of lines which will expreſs 'the 
velocities as drawn, and forming by their extre- 
mities a curve, which M. Bernoulli calls the de- 
terminer of the velocities, He ſhews how to draw 
it by points, that is, for all the different poſitions 
of the keel, the angle of the wind with the ſail _ 
always the ſame. 

This being done, we ſee chat unleſs the line of 
the courſe does not touch the curve, which only 
one courſe can do, it cuts it in two points, and as 
all the points of this curve determine the velocit ies, 
there are therefore, except in one ſingle caſe, two 
different velocities for one ſingle courſe; and be- 
caule each point of the curve anſwers to a different 

® poſition 
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poſition of the keel, we may make the ſame courſe 
with 2 different poſitions of the keel, but with 2 dif- 
ferent velocities. It is very eaſy to ſee which of the 
two is the greateſt, and we muſt chuſe that, and 
conſequently give the keel the poſition which an- 
Nee -f He e 
There is a conſiderable advantage which they 
often endeavour to procure by the working, and 
that is gaining upon the wind, as a wind which 
blows from eaſt to weſt, for example, and falls 
obliquely upon the fail, impells it only according 
to a perpendicular, it does not impel the veſſel to 
the welt, and the perpendicular may be ſuch as 

ſhall be directed according to the line of the S. E. 
and conſequently its direction will partake of a 
direction from W. to E. and laſtly the impulſe of 
the wind ſuppoſed will tend to make it go partly 
from W. to E. and even againſt the wind. Now 
it is an advantage to go againſt the wind, or to 
gain upon the wind, not only when we would 
take a courſe, to which it is almoſt entirely con- 
trary, but when we would board a veſſel, or avoid 
being boarded by it. M. Bernoulli's curve ſhews 
alſo what is the courſe that we muſt hold, or the 
poſition that we muſt give the keel, to gain upon 
the wind as much as poſſible. 92 5 

If the courſe that we would hold is determined, 
which is the moſt uſual caſe, we find by means of 
the curve, that 2 different poſitions of the keel 
are equally proper for it, and we ought to chuſe 

that which gives the greateſt velocity. | 
All that has now been ſaid ſuppoſes the angle 
of incidence of the wind upon the fail conſtant, or 
to ſpeak more exactly, the line of the moving force 
always directed to the ſame point of the horizon, 
which, as we have ſeen, ſubſiſts as longas the ſail 
Eee 2 — 
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is directed according to the ſame diameter of the 
horizon, whether it receives the wind under dif- 
ferent angles or under the ſame; but if the poſition 
of the ſail changes, which makes the direction of 
the line of the moving force change, or of the per- 
pendicular to the ſail, then there would anſwer to 
this new poſition of the fail another poſition of the 
keel, with regard thereto, to give to the veſſel 
the greateſt poſſible velocity in this new hypotheſis. 
And in like manner all the infinitely different 
poſitions of the ſail will have their different poſi- 
tions of keel correſponding to a greater velocity. 
If we had determined neither a poſition of the 
fail according to a certain diameter of the horizon, 
nor a poſition of keel with regard to the fail, and 
had ſought to determine theſe two poſitions toge- 
ther, to have the greateſt poſſible velocity, this 
greater velocity would be therefore the greateſt 
among the infinite number cf greateſt, each of 
which reſults from a certain determinate poſition 
of ſail, and from the moſt advantageous poſition 
of the keel correſponding thereto. The determi- 
nation of this greateſt of the greateſt, is one of the 
moſt elevated geometrical problems. M. Bernoulli 
reſolves it, and is led by this reſolution to impor- 
tant remarks, the occaſion of which is rare. But 
we cannot enter either into this inquiry, or theſe 
reflections, M. Bernoulli himſelf prefers another 
method for the practice; he calls it mechanical, 
and yet it depends on a ſublime geometry. 
It for each different poſition of the ſail the de- 
termining curve of the velocities was deſcribed, 
there ſhould be an infinity of theſe curves, fince 
there may bean infinity of poſitions of ſail infinite- 
ly little different, and this infinity of curves, the 


Eft and ſecond, the ſecond and third, E would | | 
in- ö 
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| onde each other ſucceſſively -in- pointsinfinitely 
The ſeries of this infinity of points of inter- 
ſection would form a new curve which would 
touch all the determiners of the velocities, and 
would contain all their conditions and advantages. 
M. Bernoulli ſuppoſes it, not exactly, which is 
impoſſible in practice, but ſufficiently, well de- 
ſcribed; and he ſhews how to find by means 
thereof, what will be the poſition both of the ſail 
and of the keel, to make a courſe propoſed with 
the greateſt poſſible velocity, or to _ ny n 
upon the wind. 

Hitherto the figure of a parallelepiped or be- 
rallelogram, which has been given to the veſſel, has 
been very different from that which is uſually 
given them. To come ſtill nearer, M. Bernoulli 
takes a veſſel which has the figure of a rhomb, or 
loſenge, but the ſame principles always ſubſiſt, 
only the explications of it become more difficult, 
and the calculations more complicated. Laſtly, 
after having paſſed thro? theſe degrees, M. Ber- 
noulli comes to a curvilineal figure. It is in gene- 
ral any portion of a curve, which has an aw; , and 
ordinates. 

The curve which repreſents the figure of the 
veſſel cannot be ſtruck by the water, but according 
to the line of the courſe, or which is the ſame 
thing, parallelly to this line. The parallels to 
the courſe drawn upon all the infinitely ſmall ſides 
of the curve are different incidences to it, but each 
of them ſtrikes only according to a perpendicular 
to a little fide that it ſtrikes. Any one of theſe 
perpendiculars to the curve being drawn or con- 
ceived to repreſent all the reſt, it is compoſed of 
two directions, one of which is perpendicular, 
and the other parallel to the axis of the curve. 

Thence 
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Thence it follows, that each little fide is ſtruck or 
impelled according to two directions, one perpen- 
dicular, and the other parallel to this a%7s. If we 
have the proportion of the ſum of all the impulſes 
perpendicular to the axis, to the ſum of all the 
parallel impulſes, a rectangle, of which the two 
ſides ſhall have this proportion being deſcribed, 
the diagonal will repreſent the impulſe or mean 
reſiſtance of the water, and the poſition of this 
diagonal will be neceſſarily oblique to the axis of 
the curve. We know by all that has been ſaid, 
that the poſition of this line of the mean reſiſtance 
of the water is always the ſame as that of the line 


of the moving force. 
If the incidence of the water upon all the little 
ſides of the curve changes, there are formed two 
other ſums of impulſions or reſiſtances, perpen- 
dicular and parallel to the axis of the curve; theſe 
ſums have another proportion, and conſequently 
the diagonal of the ſuppoſed parallelogram, or 
the line of the mean reſiſtance of the water, 
changes in magnitude and poſition, and the line 
of the moving force changes alſo in poſition. Now 
the incidence of the water on all the ſmall ſides of 
the curve neceſſarily changes, as ſoon as the veſſel 
changes its courſe, which is viſible ; therefore the 
change of the courſe makes the poſition of the 
moving line change. It is reciprocally plain, that 
if the poſition of the line of the moving force 
changes, that of the courſe changes alſo. The 
poſition of the line of the moving force gives that 
of the ſail, ſince it is always perpendicular to 
I. 
Theſe two lines, that of the moving force and 
that of the courſe being mutually dependent on 
each other, as to the poſition, one of the two po- 
b ſitions 
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ſitions being given, the other therefore may be 
deduced from it. Let us ſuppoſe at firſt 1 och 
tion of the given courſe. 

To have that of the line of the moving force, 
or of the mean reſiftance_ of the water, We muſt 
have the ſums of the lateral reſiſtances! of the wa- 
ter, ſome perpendicular, the others parallel to the 
avis of the curve, and conſequently determine the 
curve. M. Bernoulli ſuppoſes the figure of the 
veſſel to be formed of two equal circular ſegments, 
having the keel for a common chord, which 
comes pretty near the ordinary figures. He EX» 
preſſes algebraically the differentials of the two 
ſorts of lateral reſiſtances, aud happily the ſums of 
theſe are found to be integrable; and conſequently 
he has their proportion, whence all the reſt follows. 
This proportion is pretty compound. 

It changes, as we ſee it muſt do, at each altera- 
tion of the courſe, but there are 2 principal cauſes, 
which in ſome ſort change the ſpecies of it. There 
is always one half of the veſſel, which bears the 
reſiſtance of the water, whilſt the other is intirely 
covered from it. If the half expoſed to the re- 
ſiſtance of the water is one of the two circular ſeg- 
ments entire; or if this half is compoſed of the 2 
equal halves of the two ſegments, it is plain that 
the reſiſtance of the water is conſiderably diffe- 
rent in the 2 extreme caſes, much greater in the 
firſt, becauſe the veſſel takes no advantage of its 
pointed figure to cleave the water; and much leſs 
in the ſecond, becauſe it takes as much advantage 
of its point as poſſible, Now what determines 
the half of the veſfel expoſed to the water 1s the 2 
lines parallel to the courſe, the moſt diſtant from 
it on both ſides that can be drawn through two 
points of the ſurface of the veſſel. If they paſs 
through the 2 extremities or points of the veſſel, 

It 
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it is in the firſt caſe; and preſents to the water only 
one ſingle. circular ſegment; if they paſs thro the 
2 extremities of the perpendicular drawn thro' the 
middle of the keel, the veſſel is in the fecond caſe, 
and preſents to the water 5 half of each circular 
ſegment, or advance of poin 
If the 2 parallels) to the — paſs thro? li 2 

Doints of the veſſel, or extremities of the keel, 
and at the ſame time are each of them tangents of 
their ſegment or circular arch, it follows from 
thence, that the arch which they touch, or the 1n- 
finitely. ſmall fide, which is one part of them at 
the point of contact, makes with the keel the ſame 
angle as the courſe. But if the courſe, and conſe- 
quently the two parallels come to incline more 
upon the keel, and conſequently to make with it 
a leſs angle than the fixed angle, and conſiſting of 
each circular arch with the ſame keel, then the 
tw-o parallels become tangents of the 2 circular ar- 
ches in. other points, and one of the points of the 
veſſel begins to be contained in the part expoſed 
to the water, and is more and more fo, till at laſt 
the line of the courſe being infinitely inclined to 
the keel, or concurring with it, the two parallels 
are tangents of the veliel at the two extremities of 
the perpendicular, which paſſes through the mid- 
dle of the keel. But if the angle of the courſe 
with the keel is greater than that of each of the 
two circular arches with the keel, the two parallels 
paſs always through the two extremities of the 
keel, but without being tangents of the veſſel, the 
part expoſed to the water is always one entire cir- 
cular ſegment; and laſtly, the courſe may con- 
cur with the perpendicular to the keel, Theſe 


are the two o principal caſes which change the = 
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We ſhall find the velocities of 4 veſſel of a cir- 
eular figure for different courſes, the moving force 


ee the Proportion between the lateral re- 


ular veſſel. It is the ſame reaſoning. 
if in the veſſel of a circular figure, the po- 
Gaion. of the line of the moving force was deter- 
mined, and the courſe was to be determined, we 


might do it; but by an algebraical calculation, ys | 


long and ſo 2 that M. Bernoulli thinks 


it more proper to ſubſtitute tables, wherein the 


ſitions of the line of the moving force ſhould an- 
2 wer to all the courſes, and the courſes to them. 
Theſe tables ſhould alſo contain the velocities. 
To bring all this to the utmoſt exactneſs, we 


ſhould determine the figure of the veſſel, which 


would make it bear the leaſt poſſible lifes 
from the water. This determination has alr 
been made for a veſſel, thecourſe of which ſho 
be ding to the keel, but it 1s not in the up- 
poſition of all the other poſſible courſes, and as the 
reſiſtance of the water will change in all theſe cour- 
ſes, there muſt be a different figure of a veſſel for 
each of them: It does not appear therefore, that 
— can aſpire to this enterpriſe, and we 
uſt hold to the trials of experience, which will 
— determine a mean figure, the moſt ſuitable 
to all the courſes. 
Ihe poſition of the line of the mean n reſiſtance 
of the water with regard to the courſe, or which 
comes to the ſame thing, with regard to the keel, 
being determined,this line necefſarilypaſſcs through 
a certain point of the keel. On another fide the 
line of the moving force paſſes through the middle 
of the ſail, and what is a neceſſary con ſcquence 
of it, through the maſt to which the ſail is faſtened, 
Vor. IV. Ne. 45. Fft = * 
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or, which comes to the ſame, through the foot of 
the maſt which always reſts upon the keel, or, laſt- 
ly. through a certain point of the Keel. If the courſe 


is ſuch, that the line of the mean reſiſtance of the 


water, and that of the moving force paſs only thro? 
the ſame point of the keel, the reſiſtance of the 
water, which is equally diſtributed on both ſides of 
the line of the mean reſiſtance, is therefore not e- 
qually diſtributed on both ſides of the line of the 
moving force, and as theſe lines muſt: however be 
one right line, the veſſel will turn till they are 
both in this poſition. To hinder this turning, we 


muſt know through what point of the keel, the 


line of the mean reſiſtance of the water paſſes, N 
there fix the maſt. | 

M. Bernoulli ſhews how to nne this point. 
The reſiſtance perpendicular to the - axiz of the 
curve being expreſsd algebraically. and: conceived 


as ſo many weights faſtened to a.lever, which is 


on axis, have a common centre'of gravity there- 


In like manner the reſiſtances parallel to the 


axis have a common centre of gravity upon a 
perpendicular to the axis; two perpendicular lines 


both drawn through theſe two centres of gravity,” 


interſect each other in a point, which is the centre 
of gravity of the two ſpecies of reſiſtances; the line 
of mean reſiſtance therefore muſt paſs through this 
point, which conſequently determines the point 
where it cuts the keel, and where che maſt ſhou'd* 
be fixed. 

But as the line of the mean refiſtaree changer 
for every courſe, the point where the maſt ſhould- 
be planted would change alſo, which being im- 
poſſible in practice, we can only find for the maſt” 
ptetty nearly a mean ſituation, the moſt com- 
modious for all che different urſes. : ; 

Tv 
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It remains only to rectify the ſuppoſition of the 
Gal always flat, it is very certain that it is not; and 
that by the action of the wind it takes a certain 
curvity, thereby the line of the moving force 
changes, and it is a perpendicular to the curve of 
the ſail, ſuch that on both ſides the impulſes of the 
wind on the differently inclined parts of the fail 
are equal, or which is the ſame, that it is its a 
of equilibrium, as as the line of the mean reſiſtance 
ofithe water is the axis of equilibrium of all the par- 
ticular: reſiſtances. | We muſt therefore determine 
the curvity-of the ſail, or which is the ſame pro- 
blem more ſimple, the curvity of a ſimple cord, 
which ſhould be in the ſame circumſtances as the 
ſail, and for. this it is neceſſary to eſtabliſn two 
principles, one of which has been nn in this 
diſcourſe. 


21. A Homogeneous and perfectly flexible cord 


being ſtretched, it is equally. ſo in all its parts, 
what figure ſoever it takes by the tenſion ;/ for if 
we conceived one part to be more ſtretched, as it 
would make an effort to reſume its firſt ſtate, it 
would draw to it a leſs ſtretched part, which would 
yield to it, and nancy both would come to 
an equal tenſion. | 
2. A cord, which in its ib parts receives 

oblique impulſes or preſſures, is impelled or preſ- 
ſed only according to the perpendiculats to the 
points of incidence, and theſe E are 
the ſines of the angles of incidence. * 

When a cord bends becauſe it is drawn by weights 
or puſhed by a fluid which acts upon it, it is 
ſtretched or impelled at the ſame time and by the 
ſame forces, but is equally ſtretched and unequally 
impelled or preſſed. And to ſee the difference of 
theſe two actions of tenſion or preſſure ſtill better, 


we need only obſerve, that a cord or any part 
BEE what- 


Þ — Wy - 
— - I 0 So : _— ne © ror —— — __ ———— — — - 0 - 
I * * 2 6 - : & 525 * 2 2 1 ag: cr Er” 8 rr r — - * > 
DRAWS r : yy 4 — — ed — — . — — AN * :-2 , . —— 88 r 1 75 Sz > — Ln 5 * - — — : ol 7 8 8 22 o 
_ . 2 2 - — 2 = — — ot — 8 * At A 4 — as Slim . - 
— a ** — 2 8 — 2 x — TS - E ” 2 w_— > CRY = - - — . = 2 — — - Du — 4 - - — — 
g CL — 5-4 3 5 — — TIE — — — 1 . . 
_ * 7 G _ 4 
ay A 2 — — 


——Ü— — — — 


— — — — 
— —— eeeat o —— . 8 
$9" "Bb 33 3 N 2 
K. 
r DER. 


=— 


_ — I 
E 8 —— 
S — * pgs — 2 7 [> WS > 
— - 3 l 2 4 6 2 CY 1 oo 2 — — > Pay - you 

—— ron a EEO ot Ob — 41. n Fern es — — = — — 5 2 => 2 _——- 1 = AY — Mon 

N 1 — — — —— — — 

— — — — =y * — —— _—_ 

— - - — — — — _ 


8 


L 
— 
— — 
r 


— —— rind 
ws — 2 0 — 3 + Aon ——ͤ —ä 


. 


„ "wot 


P - 
— - J 
— ————— PS COIN 


Ly — 
_ — 
— — — 
n 


— — ꝗ—— 2—— — — — nr — —— —— — RS ——— 
2 — . 835 . 2 
2 4 * ” $0 By 4 * Y bs þ y 2 
— ——— ——j5 — — —— 2 
r * : - > - . 7 I *- 


— — 
— N 3 - 
. — A) a. 

F — Loren —— 


walls Ea 
— — — ers bs 
_ eo bon te. 


— mt 
FRE 4- » * 22 
— * 


— 
** 


2 * 
— — 
8 — 2 


— — — — 
n 
— 
— 
1 . — 1 = 
es 2 
* —— — — 8 2 


—— 


— 
2 — — 
Ne — + 
<< 

„ : 

— . 


whatſoever of a cord, is ſtretched only ſo far as it 
is drawn according to its length or direction, and 
that on the contrary it is pod _ far as it is 
eſſed perpendicularly to this ö 6 
Phe . make no i by themſelves 
in the direction of a part of a cord, but the preſ- 
ſures change it, ſince they neceſſarily impel this 
Part according to a certain perpendicular. 
When a cord bends, its only becauſe each of its 
infinitely ſmall parts, which — a ſide of the 
curve, receives the action of a power different from 
that which has acted on the preceding ſide, or 
which ſhall act on the following. Thereby each 
little ſide takes a different direction from thoſe of 
the two ſides which contain. it; If a cord was at 
the ſame time unequally ſtretched, and unequally 
Preſſed, we ought to conceive ſome fide longer, be- 
cauſe cf the inequality of tenſion, and at the ſame 
time of a direction more or leſs different from that 
of the neighbouring ſide, becauſe of the inequality 
of preſſure. Now I ſuppoſe it is known, that the 
greatneſs of the bending of a curve is in a direct ra» 
ti of the greatneſs of the change of direction from 
one {ide to the other, or of the angle of contingence 
and in a reverſed ratio of the magnitude of the ſides 
into which we conceive it to be divided. Therefore 
if the cord was unequally ſtretched and preſſed, ĩt 
would take a curvity which would be in a ratio 
compounded of the reverſed ratio of the tenſions, 
and of the direct one of the preſſures. But the 
cord is always equally ſtretched, therefore its 
curvity is only in a direct ratio of the preſſures, 
and there is the general determination of all theſe 
ſorts of curves. As the radi; of the evolutes are 
always in a reverſed ratio of the curvatures, we 
muſt take theſe curves ſo that their radii of the e- 
volute at each point may be in a reverſed ratio 2 
ä the 
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the preſſure at the ſame point. Therefore we have 


only to determine what ſhall be the different ſpeci 


of prefſure. 
If we conſider, as we do here, a fail ea by 
the wind, the preſſures will be as the ſquares of the 
ſines of the angles of incidence of the wind upon 
each little ſide of the curve. This is plain from all 
that has been ſaid z we ſuppoſe that each thread of 
wind gives its ſtroak to the fail, after which it 
freely out of its cavity; otherwiſe i it would 
make in this cavity different reflections, which 
would. change the primitive impulſes, and con- 
ſequently — nature of the curve. 

If the ſail contained an elaſtic ſubſtance, as 
air, the ſpring of which acts equally every way, it 
is plain that the preſſures being all equal, the curve 
fought would — a circle. 

If we ſuppoſed a linnen bent by a heavy liquor, 


which it ſhould contain, the preſſures would be 


the heights of the different columns of this liquor. 
We muſt not forget in this-place that M. Ber- 
#ozlli finds again what he had formerly demon- 


trated, that the curve of the ſail is the ſame with the 


catenaria, a curve formed by a cord faſtened at 
its two extremities to two fixt points, and bearing 
at all its points, of which the number is infinite, as 
many equal weights. It ſeems that by following 
the reaſonings which have been made, one may 
eaſily prove the identity of the two curves. 
The catenaria is equally ſtretched in all its parts, 


and conſequently it will be the ſame as the curve 
of the fail, if the preſſures on both ſides follow the 
ſame proportion. The preſſures of the catenaria, 
are drawings of weights, all the directions of which 


are vertical and parallel. The direction of each 


weight is oblique to each little ſide of the catenaria 


and conſequently muſt be decompounded into 
perpen- 
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pendicular and parallel to the axis of the curve, 
which is the line drawn from one of the fixt points 
to the other. The perpendicular to the axis is the 
only line, according to which the weight draws 
the ſide, it is the ſine of the acute angle, which is 
made by the vertical direction of the weight with 
the ſide, and, if we may ſo ſpeak, of the angle of 
incidence of the weight. The greater this perpen- 
dicular to the axis, or this fine is in proportion to 
what paralleliſm there is in the direction of the 
weite. the more it acts or draws with force. 
It is eaſy to ſee, that by taking the curve from 
one of the fixt points to its middle, the fines of the 
angles made by the directions of the weights with 
the ſides are continually increaſing; for all the 
weights being ſuppoſed equal, their actions or 
drawings can be only as their diſtances from this 
fixt point, which continually augments; but their 
actions are as theſe ſines, therefore the. ſines con- 
tinually augment from a fixed point, where the 
origin of the curve is, quite to its middle. 
This being ſuppoſed, each ſide of the curve is 
ſo much the more drawn, not only as each weight 
acts by à greater ſine, but alſo as each weight acts 
with more advantage with regard to a neighbouring 
fide, for to draw the cord downward, it is ſuffici- 
ent for a weight to have any force whatſoever, but 
to bend it actually, it muſt draw it more than an- 
other weight draws it, without which all the force; 
poſſible would be of no ſervice. In a word, 
there mult be a force in each weight, and an ine- 
quality of forces inall, I mean in one half of the: 
curve, Now not only the force of two weights. 
taken ſeparately and by themſelves will be expreſ- 
ſed by rwo fines, ſuch as we have marked, but 
their inequality, or proportion of forces will be ex- 


preſſed by the ſame fines; whence 1 It follows, that 
the 
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the drawings of theſe two weights will be as the 
ſquares of theſe fines, which is exactly the propor- 
tion of the preſſures of the wind in the curve of the 
fail. Therefore the curve of the fail and the ca- 
lenaria are the ſame thing. 

In the application of N. Bernoullis d to 
practice, there is a very. conſiderable advantage, 
that to determine the poſition of the axis of equi- 
librium of the impulſes of the wind, or of the line 
of the moving force upon the bent fail, we are not 
obliged to know the nature of the curve of the ſail, 
and to calculate it, which would be very difficult. 


M. Bernoulli demonſtrates, that if from the middle 
of each of the two ſides, one above, the other below, 


which terminates the bent ſail, we draw a tangent 
the line, which ſhall biſect the angle of the concur- 
rence of the tangents, will be the ax7s of equiliorium 
of the impulſes of the wind. 
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| 468 The HreTony dnd MuMorns of the | 


An Explanation of the Terms of 
Art uſed in this Volume, which 
were not explained at the End f 
the former J. lumen. n 


C Repuſculum the Twilight. 
E. 


„ which 
covers the Petals, or coloured leaves, In a 
roſe, the five green leaves on the outſide of the 


flower, W 
1. 
e N which ſurrounds 


Lamina ſpiralis is a thin "PM which di- 
vides the cochlea, or laſt cavity of the ear in- 


to two parts. That part, * 
| 15 


e 
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avis, is bony, but extremly brittle z and that 


pearing to be only made of the auditory 


nerve. 


* 


M. 


 Membrana tympani, is a thin tranſparent 
membrane, which cloſes the inner 'extremity of 
the meatus auditorius. It is of an oval figure, 
ſtretched out like the head of a drum; it 
makes an obtuſe angle with the upper and 
back part of the meatus, and an acute one 
with the lower and fore part. 


S. 


Summit or apex is uſed to expreſs thoſe lit- 
tle buttons, which are ſuſtained by the chives 
or lamina in flowers. They are moſt com- 
monly of a yellow. colour, and contain a fine 
golden duſt, which is thought to be analogous 
to the male ſperm of animals. 
 Syzygrta or ſyzygy, is uſed to expreſs either 
the conjunction of a planet with the ſun, or 
its oppoſition to it. 


1 = 


Terras of the obſervatory at Paris is a 
platform on the top of that famous ſtructure. 
It is paved with flints laid in mortar, cement, 
and lime. 


Vor. IV. Ne. 435. Ggg * 


next the outer ſhell is membranous, ap- 
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410 The HisToRY and MEMoOIRs of the 
HDympanum is a pretty large cavity in the 
ear, ſituated behind the membrana tympant; it 
is about 3 or 4 lines deep, as many wide, 
and between 2 or 3 high. It is lined with a 
fine membrane, on which there are ſeveral 
veins, and arteries. In this cavity are contain- 
ed 4 ſmall bones, called the malleolus, the incus, 
the ſtapes, and the os orbicularee. 
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CONTINUATION of the 
5 AD DE N D A. 


In the MEMOIRS Ls 1701. 


X. OF the e of the royal obſer= 


vuatory, prolonged to the Pyreneans ; ; by whe 
Caſſini“. 


The] journey, that we wth this year by order 
of the king into the ſouthern provinces of his kings. 
dom, was to prolong the meridian line of the roy- 


al obſervatory, to meaſure it quite to the extremi- 
ties of France by geometrical operations; to di- 
vide it into degrees of the circumference of the, 
earth by the obſervations of the ſtars ; to examine 


whether theſe degrees are equal derne themſelves. 


as has been ſuppoſed till this age, or whether they 
are ſenſibly unequal, as ſeveral modern mathe- 
maticians ſuppoſe; whether the perpendicular lines. 
marked by the plummet i in our geometrical and 
aſtronomical inſtruments, are all directed to the 
ſame point, which is taken for. the centre of the 
earth, according to the common hypothe/is, or 
whether from different places, which are at a great 
diſtance from each other, they are directed to 
points ſenſibly different, as ſ-veral moderns con- 
cture. 

Theſe laſt inquiries ought to have been made 
before it was undertaken to calculate the whole cir- 
cuit of the earth by a ſmall part. For unleſs theſe 

November 14, 1701. 
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two laſt hypotheſes of the roundneſs of the * and 
of the direction of the perpendicular to the ſame 
centre are well eftabliſhed, there is no certainty in 
the practice of this method. Thus Pliny had 
ſome reaſon to admire at the boldneſs of the hu- 
man mind, in attempting ſuch difficult things. 

The enterprize alone of examining theſe two H- 
polbeſes by obſervations is great, and would be 
raſh without the protection of ſo great a king. 

The hypotheſis of the roundneſs of the earth, as 
compoſed of continents and ſeas, that of its des 
tachment from the heavens, and of its ſuſpenſion 
in the air, was firſt of all founded upon the obſer- 
vation of the apparent motion of all the ſtars from 
eaſt to. weſt, and on the diverſity of the apparent 
conſtitution of the heavens, in the voyages made. 
almoſt under the ſame meridian towards the ſouth. 
and towards the north. This diverſity coinpared 
with the length of the way gave the firſt views of 
meaſuring the circumference of the earth by the 
obſervations of the ſtars. The oldeſt author now 
extant, who has related the particulars of this rne-, 
thod, iS Ariſtotle, who ſpeaks of it as a thing already. 

in practice in his time. : 

He expreſſes himſelf to the followiag purpoſe, 1 
at the end of his ſecond book de cælo. 

« It is manifeſt, ſays he, by the appearance of 
< the ſtars, that not only the earth is round, but 
<* that it is not of any immenſe bigneſs; for if we 
<& travel ever ſo little towards the ſouth and north, 
de the horizon varies, and the vertical ſtars, which 
<< we have over our heads, make a great change, 
* andare not all the ſame that we ſee going to the 
„ north and ſouth. For there are ſome which we 
e ſee in Egypt, and near Cyprus, which we do not 
ce ſee in the northern countries, and towards the 


pk north there are ſome ſtars which we always ſee 
% above 
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c above ground, tho? they ſet in the places juſt 


% mentioned. Wherefore thoſe who think that 
< the ſea, which is at the pillars of Hercules, unites 


« and makes the ſame ſea with that which is at the 


c Indies, do not imagine improbabilites. 

„ The mathematicians, adds he, who endea- 
< your, to calculate the magnitude of the cireum- 
5 ference of the earth, make it amount to 400,000 
c ſtadia. Whence it is inferred, not only that 
ee the earth is ſpherical, but ehat it i is not "ay 

great with regard to the other ſtars. 

This muft have been the language of the authors 
of this dimenſion, For Ariſtotle far from ſuppoſ- 
ing the earth to be a ſtar, in the preceding chapter 
refutes the Pythagoreans of Italy, who reckoned 
the earth in the number of the ſtars, and afcribed 
to it a motion about the centre of the world, ſo as 
to make the alternative of days and nights; which 
they would not have done, if they had not ſup- 


poſed the earth to be nearly of the ſame figure and 


bigneſs with the ſtars. This dimenſion related by 
Ariſtotle might therefore be aſcribed to the yt ha- 
goreans, who were the authors of this Hort hes. 
It is almoſt twice as big as it was afterwards found 
by other mathematicians. But it did not appear 
large enough at a time when there were yet 
ſome philoſophers, who, after X:nophanes, queſ- 

ſtioned whether it was not of an immenſe magni- 
tude. | 


Immenſum * patent terre ima, et largior ether. 


The appearances of the ſtars related by Ari/- 
totle, ſuggeſt two methods of undertaking the mea- 
ſure of the earth, which were practiſed it in the fol- 
lowing ages: One by the obſervations of the ſtars ſi- 
uated vertically in one place, and ata diſtance from 
that ſituation in another; the other by the obſer- 
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vation of the ſtars in the horizon of one place, and 
elevated above the horizon of another, 
Eratoſtbenes, under king Ptolomy Mane 
put the firſt method in practice; he knew that at 
the time of the ſummer ſolſtice the ſun paſſed over 
the vertical point of the city of Syene, ſituated in 
the confines of Ethiopia under the tropic of Cancer. 
There was a well made for this obſervation, which 
on the day of the ſolſtice at noon was quite il- 
lyminated by the ſun, and it was notorious that 
at 150 ſtadia round it, the ſtyles raiſed perpendi- 
cularly on a horizontal ſurface made no ſhadow ; 
having ſuppoſed Alexandria and Syene to lie under 
the ſame meridian, he obſerved at Alexandria on 
the day of the ſolſtice the diſtance of the ſun at the 
vertical point, by the ſhadow of a ſtyle raiſed per- 
pendicularly from the bottom of a concave hemi- 
ſphere; he found that this diſtance was the goth 
part of the circumference of a great circle; whence 
he concluded, that the diſtance between theſe two 
cities was the goth part of the circumference of the 
earth. Having computed this diſtance to be 5000 
Hadia, he had the whole circumference 250,000 
ſtadia. 
Having divided it t equally into 360 degrees, 
he had 694 and almoſt to the degree. But after- 
wards, inſtead thereof. he took the round num- 
ber 700, not thinking perhaps that it would- an- 
ſwer to 5 or 6 tadia in a degree. 

And multiplying 700 ftadia by 260 eee 
he had in the eircumference 252,000 ſtadia, which 
is the Jaſt dimenſion of Eratojibenes, which he 
commonly made uſe of. Hipparchus alſo made uſe 
of it, tho he judged that 2520 ſfeadia ought to be 
added to this dimenſion. 

Dronoidorus only ok for the miner of 
the carth a part of 1ts circumference drawn from 


the 
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hſt dimenſion of Eratofthenes, in the letter which 
was found in his tomb after his death, to make it 
believed that he had gone down to the centre of 
the earth, and that having meaſured the diſtance 
he had found it 42, ooo Radia. ba. 

Vitruvius and Pliny reduce the meaſure of Era 


 toſthenes of 252,000 ſtadia, to 31,500 ee 


miles, allowing 8 /f24za for a mile. 

Poſſidonins, in the time of Pompey the great, un- 
dertook to meaſure the circumference of the earth 
by the ſecond * that is, by the horizontal 
obſervations. 

He learned that at Rhodes the ſtar Camper did 
but Juſt appear at the horizon, and ſet immediately: 
and that at Alexandria, which he ſuppoſed to be 
under the fame meridian, it roſe above the ho- 
rizon g part of the circumference of the heavens, 
which ant wers to a like part of the circumference 
of the earth of 5 2, and ſuppoſing the diſtance 
between theſe 2 cities to be 5000 ſtadia, he had 
the whole erence of the earth 240,000 fta- 

dia. This is the firſt dimenſion of Paſſidonius, re- 
| lated by Cleomedes, an author of the ſame age, ad- 
ding that it muſt be diminiſhed, if the interval (in 
ſtadia) is not found to be quite ſo great. 

Straho, who wrote his geography under Au- 


guſtus and Tiberius, aſcribes to Peſfidonius the di- 


menſion of the circumference of the earth of 
180,000 ſtadid, which are in the proportion of 
500 fladia to the degree, it was not eaſy to diſco- 


ver the foundation of this; but here it is. The 


ſame author teſtifies in another place, that Eratoſ- 
Ibenes had meaſured the diſtance between Rhodes 

and Alexandria by inſtruments, and found it to 
bs 3750 ftadia, taking it for , part of the cir- 
cumference of the earth according to Paſſidonius, 
there reſult 180,060 fadia. It may therefore be 
called 
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16 ADDENDA, 
called the laſt dimenſion of Paſſidonius, in which 
were uſed his dimenſions in degrees, and that of 
Eratoſt benes in ſtadia. It was received by Marinus 


Tyrius the geographer and others. It is commonly 
aſcribed to Plolomy, becauſe he made uſe of it in 
his geography. We fhall not here relate what is 

oppoſed to theſe methods, we ſhall only obſerve, 
as a thing of ſame conſequence, that having taken 
exactly the mean between the laſt — of 
Eratoſt benes and of Poffidonius, we have in a de» 
gree of the circumference of the earth 600 ftadiaz 
in a minute 10 ftadia, which by che account of 
Pliny and Vitruvius make 1 mile; of the ancient 
Roman meaſure. Now the modern Lalian mile is 
equal to 1 mile 4 of the ancient miles, the dif 
| tance of 25 miles, which the ancients reckoned be- 
tween. Bolonia and Modena being eſteemed at pre- 
ſent to be 20 modern miles. The modern Italian 
mile is 10 ftadia, which make a minute, according 
to the mean dimenſion between that of Eratef- 
thenes and Paſſidonius. The degree of the circum- 
ference of the earth will be therefore by this. ac- 
count 60 modern Italian miles, and 75 ancient 
miles. The circumference 21, 600 modern miles, 
27, ooo ancient miles. 

Allowing to the mean league 3 ancient miles, 
we ſhall have 25 leagues in a degree, and in the 
whole circumference 9009 leagues. 

After Eratoſtbenes and Pofſidonius, ſeveral have | 
made uſe of the heights of the pole, in the mea- 
ſuring of the earth. The mathematicians of the 
Caliph Almamon having taken the heights of the 
pole in the plains of Singar, at the extremities of 
two degrees, tound 56 miles in one degree, and 56 
miles ;̃ in the other, and judged their meaſure to 
be leſs than that of Ptolemy by 10 miles. This is 


very different f rom all the other dimenſions, which 
make 
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make it much greater. The geoprapher of Nubia, 


an author of the 12th century, allows 25 lea 
to the degree; this dimenſion was confirmed 


chat of Fernellins, this author made ue ale of the 
heights of the pole taken from the obſervations of 


the ſun, to find a place nearly under the meridian 
of Paris, which was a degree diſtant from it, and 
having meaſured the diſtance of it by the wheel, he 
found it 56747 toiſes, having abated the turns of 
it at diſcretion. According to the ' eſtimation of 
the people of the country), Wis diſtance” was 25 
leagues. 


Spellins,” who ſurpaſſed | in eractneft theſk who 


had gone before him, made uſe of the heights of 
the pole obſerved at Al maer and Bergen o Zoom, 
differing between themſelves 1 11” J, and having 
meaſured the diſtances by the triangles, he found 
in a degree 56,946 toiſes of 6 Rhinland feet each, 
and by the difference between Ar/maer and Leyden 
at the diſtance of a degree, he found 57,020 toĩſes 


in a. degree; He took for a mean between the 


two.57,000. M. Picard confidering the difference 
between the Rhinland and Haris feet, reduces ĩ it 
to 54,021 toiſes. 

Above 42 years ago 1 made fevers! artempts at 
Bolonia and at Ferrara, to meaſure the earth, both 
by the vertical and horizontal obſervations, which 


are related by F. Riccioli in his geography. It was 


only to transfer it to the meridian line, which I 
drew in the great church of St. Petronius, to keep 
account of it, if neceſſary, in the obſervations of 


the ſun. At the diftance of 34 toiſes and 2 feet 


of Paris, where the middle of the image of the 
ſun at the winter ſolſtice is, I marked the 600,000 
part of the circumference of the earth, which is in 

the ns of 57, 222 toiſes to a 3 
F. 
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F., Riccoli and Grimaldi took allo ſeveral ways 
andwith a great deal of care, the meaſure of the 
earth, as it is relatedat length in the Geographia re- 
format a. M. Picard has reduced it to 64,363 Paris 
toiſes to the degree. 

But nothing of this kind has ever been ons with 
more care and exactneſs, than what was executed 
by M. Picard in the name of the royal academy 
of ſciences, immediately after its inſtitution, in 
the three firſt years. 

He wn It exactly by * the diſtances 
between the parallels of Malvoiſine, Sourdan, and 
Amiens, which are but at a little diſtance from the 
meridian of Paris, and he obſerved with an in- 
ſtrument of 10 feet, the diſtances of the ſame 
fixed ſtar from the zenith of theſe 3 places. By 
the diſtance between Malvoi/ine and Sourdon, he 
determined the magnitude of a degree to be 
57,064 toiſes, and by that between Malvoifine 
and Amiens of 19 22/to be 57,052 toiſes. He 
took for a mean between theſe two 57,060 toiſes. 
The baſe, which he actually meaſured is 11 times 
greater than that of Snellius. He uſed; in the 
fame diſtance but a ſmall number of triangles in 
proportion to the great number, which had been 
uſed by Snuellius. He made uſe of inſtruments 
more finely divided, and furniſhed with tele- 
ſcopes, which augment and diminiſh the diſtant 
objects better, ard | ſerve to determine the diſtances 
with a greater exactneſs. With ſeveral helps he 
made uſe of the fineſt ſeaſons of 3 years. I 
aſſiſted at ſeveral of theſe geographical and aſtro- 
nomical obſervations, which we concerted toge- 
ther. 

The meaſure of the magnitude of a degree of 
the circumference of the earth, eſtabliſhed by the 

academy, 
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academy, might already ſerve to correct the; dif- 
=) 

to under- 


ferences of longitudes hitherto found by too 
4 meaſure. But it was thought neceſſary 
takeoagain under the King's protection, to deter · 
mine the longitudes of 5 places by aſtrono- 
mical-obſervations made at the ſame time at the 
royal obſervatory, and elſewhere. - Fhe- eclipſes 
of the moon, which may ferve for this -purpoſe, be- 


ing too rare to be able to make any advantage of 


them in a ſhort time, it was propoſed to make 
uſe of the obſer vation of the eclipſes of the ſatel- 
lites of Jupiter, of which we had already given 
tables and ephimerides immediately after the inſti- 


tution of the academy. For one eclipſe of the 


moon there happen above a hundred of one ſingle 
ſatellite. It was found by experience, that the 
time of their immerſions into the ſhadow of Ju- 
piter, and of their emerſions, may be deter- 
mined with more exactneſs and evidence, than in 


the eclipſes of the moon. The royal academy im- 


mediately attempted this with ſome ſatisfaction. 
They at firſt had a correſpondence of theſe obſer- 


vations with the academy of Tuſcany, i which was 


then flouriſhipg, and with the royal fociety of 
England. There was not an aſtronomer in Eu- 
rope, who was provided with neceſſary inſtru- 
ments, that did not bear a part in theſe obſerva- 
tions, and communicate them to the academy. 
The king ſent to have obſervations made not only 
on the coaſts of France, but in the moft conſi- 
derable places of the 4 quarters of the world. 
Some religious orders, famous for the profeſſion 
of learning both divine and human, thought of 
turning theſe obſervations to the ſervice of reli- 
gion in the kingdoms of the Eaſt, where aſtro- 
nomy is in reputation. Their obſervations, as well 
as thoſe of moſt of the aſtronomers of Europe, 


Ver. IV. Ne. 45. KK Kk com- 
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ed with thoſe which were made at the 
ſame time at the royal obſervatory of Paris, have 
ſerved to determine in a ſhort time the differences 
of longitude. between this and mn Aran 
ſiderable GHe. 5: 544i ga 5d 04: baobevis: 
2d. There was not any thing — more impor- 
tance than to have a meridian well drawn, as that 
of Paris might be drawn thro all Frances to 
take it for bounds of the eaſtern and weſtern:Jon- 
tudes of all the other places of the earth, as it is the 
moſt illuſtrious of the univerſe. The geographers 
differ among themſelves in the bounds of the me- 
ridian of Paris in the Mediterranean, by the whole 
extent of the country between the eaſtern outlet of 
the Rhone, where Ptolemy directs it in his geogra+ 
phy, and the city of Valencia in Spain, thro' 
which it ĩs drawn by Hondius in his map of Eu. 
rope. Was it not neceſſary to clear up a point of 
ſo great conſequence in geography, and alſo in 
aſtronomy for the reduction of the aſtronomical 
tables from one meridian to another, and for che 
determination of the eclipſe s? 
This work was begun by the ieee 05 the - 
meridian at the — by the obſerva- 
run of the- ſun at the ſoltices, and by the fixed 
„ | 
It has TUG eu times e ad Her 
different manners, and a mean has been taken be- 
tween the differences. The angles have been 
taken, which the meridian makes with the diſtant 
places ſeen at the obſcrvatory, the diſtances of 
which had already been determined in the firſt di- 
menſion. Perpendiculars have been drawn from 
theſe. places- to the meridian, which determine 
their diſtance to eaſt and weſt, and cut the portion 
of the meridian intercepted between the 5 
| 92 2 | agen 
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of thefe places, and of the obſervatory, And in 
ealculating the diſtance of thoſe places from each 
other, and the angle of the diſtance from the me- 
ridian;--views have been taken to the places moſt 
advanced to che ſouth, where the ſame obſerva- 


tions have been made; always forming triangles of 
the preceding diſtances with the following. "Theſe 
triangles have been continued, without ever inter- 
rupting the ſeries, to the fouthern extremity” of the 
kingdom. When there did not preſent any re- 
markable objects proper for the continuation of 
the triangles, there were trees or pyramids elevated, 

or other marks viſible at a diſtance in the places 
3 were . /o0l re moſt a for this Pur. 

Dan 17.1 

2 this manner the theridiaw was arten from 
Paris to the higheſt mountains of the Pyrexzans, 
which ſeparate Rouſſillon from Catalonia. The 
principal towns which are neareft the meridian of 
Paris, where the celeſtial obſervations have been 
made, are Orleans, Aubigny, Bourges, Aubiſſon, 

Aurillac, Rhodes, Alby, and Carcaſſone, which is 
exactly in the meridian of Paris: Perpignan and 
Colioure were found much nearer the eaſt than was 
ſuppoſed. We have not neglected the difference 
between the lines drawn thro” the high mountains, 
and the arches of the circamference os ns earth 
which anſwer to them. 

In theſe higheſt mountains, wha it was nereſſa⸗ 
ry to go up, the height of the quickſilver i in the 
barometer was obſerved, to compare it wich the 
height obſerved at the ſame time at Paris, and 
to determine the heights by the compariſdn with 

the obſervations made elſewhere upon mountains, 
the height of which above the ſurface of the ſea 
1 been meaſured by levelling, The ſame 
10 | K Kk Kk 2 heights 


) 
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beights have been alſo obſerved by means of the 
diſtances from one mountain to another, and of 
their apparent heights taken by inſtruments, con- 
tinuing tneſe obſervations to the ſea. The higheſt of 
all theſe mountains is the Canigou, which is gene- 
rally covered with ſnow: there had been ele- 
vated upon it in the proper ſeaſon, by order of the 
king, a ſort of pyramid, which made it known 
at a diſtance. Its true hei ght, taken from the 
apparent at the ſea- ſide, and — its diſtance, was 
found to be 1440 toiſes, which are at leaſt 1g 
Hadia. Cleomedes ſays, there is not any moun- 
tain, of which the perpendicular height enceeds 
_ 15 ſtadia; this mountain therefore, in the judg- 
ment of that author, pally for one of ms 
higheſt,  - 

We ſhall not relate here the eee which 
we have made of the great irregularities of the di- 
rection of the needle in the mountains of Limou/mn, 
Auvergne, and Rouergue, abounding in mines of 
iron. We muſt not be ſurpriſed if the maps of 
theſe provinces are ill laid down. They cannot 
be otherwiſe, if they are drawn by the nene 
as is commonly done. 7 

We have made ſome obſervations of the heights 
of the pole about our meridian, about all the 
principal towns, where we made any ſtay in a 
favourable ſeaſon, and particularly inthe places de- 
termined in our triangles, to compare the diffe- 
rences of the latitudes found in the heavens with 
theſe dimenſions taken upon the earth. Our di- 
menſions upon the earth have been confirmed by a 
| baſe of 7200 toiſes actually meaſured, and by the 

continuation of the triangles quite to the leide 
where we Look it. 


For 
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For fear of parting too far from the meridian in 
ſo long a way,. we examined it by new obſerva- 
tions in the — where we were able to do it 
conveniently, and we have not found any ſenſible 
difference in it greater than what is uſually found, 
drawing it. ſeveral times by different obſervations 
in the ſame place. 


We have had a Ct of ben 


of the eclipſes of the ſatellites of Fupiter made at 
Paris, — Marſeilles, at the ſame time that 
we made them about the meridian line, and we 
have found that the difference of the meridians de- 
termined by theſe obſervations agreed with thoſe 
which we had found by the triangles, which have 
ſerved to draw the meridian nearly in the terms 
as thoſe which are made in the ſame place by dif= 
ferent obſervers agree together. We have made 
the ſame-tiſe of the ere of the moon of never 
22, 170. 
And as the difference of the tnevitiians between 
Sette and Montpellier had been determined by the 
obſervations of the ſatellites of Jupiter, which were 
made by M. Picard in thoſe places, compared 
with thoſe which we have made at the ſame time 
at Paris, we have been willing to find the diffe- 
rence of theſe meridians by the continuation of the 


triangles to thoſe places, and calculating their diſ- 


tances from our meridian, and reducing it into 
minutes and ſeconds, we have found it alſo to a- 
gree with thoſe which we had determined by the 
ſatellites of Jupiter. 

To have the degrees of the Seen of this 
earth between the parallel of the obſervatory and 
the bound of our meaſure in the Pyren-ans, we 
made uſe at Colioure of an inſtrument of vo feet 
radins, to obſerve ſeveral fixt ſtars near the Zenith, 
and to compare them with thoſe which remained 

for 
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for us to obſerve Parity by. the ſame inſimument 
the next, year, in the ſame ;{eafon;:. + | 
time we made uſe of thoſe which Jad been taken at 
Paris by the common inftrumentss- and ve found 
it to be 69,18“. nt 36 9D 2flC l 
In the n af che camalicy of the degrees 
g of the meridian drawn upon the ſurface of the earth, 
we ſhould, have for each minute 954 toiſes, 5 feet, 
2 inches 5; lines, and for each degree 575292 toi- 
ſes. But there are ſome very famous mathemãtieians 
who queſtion this hypotheſis,. as well. as chat of 
the direction of the perpendiculars to the ſame 
point. Since the globe of Jupiter has appeared:io 
us a little oval, it has been queſtioned — 
earth was not alſo a little oval, and after the ob- 
ſervations made by the royal academy, at Cay. 
enne, Cape - Verd, and the American iſlands, have 
informed us that the pendulums of the ſame length 
make flower vibrations near the equinoctial than at 
a greater diſtance; M. Huygens and Sir Lſaac 
Newton have endeavoured to explain this pbæno- 
menon by à hypotheſis, which makes the equi- 
noctial greater than the meridians, ſo that its fi- 
gure would be flatted at the poles; whereas M. 
Eiſenſchmid, by comparing the different dimen- 
ſions of the degrees made in different places, to 
make them agree together, has ſuppoſed the earth 
to be oval, longer from one pole to the other than 
according to the diameter of the equinoctial, mak 
ing the meridians of an elliptical figure, of which 
the perpendiculars are directed to different points 
of the axis. He waited however for the ſucceſs of 
our dimenſions, to be able to judge of it vin mom 
certainty. , .. 
The magnitude of. "he, minute, which; we 
| have juſt found in the bvpotheſi 5. of the equality; 


in the interval between Paris and the parallel of 
S.. 
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St. Elms, exceeds that which M. Picard found in 
the ſame Vhypot beſir in the interval between Mal- 
von and Soruon. which was 9 f toiſes 27; and 
ſtill more that which. is ran from the obſerva- 
tions made at Sourdon, and Amiens, which make 
the minute 947 toiſes. The exceſs of ours above 
the firſt; is almoſt 4 toiſes. 5 feet; above the ſe- 
cond, 7 toiſes, and almoſt '5 feet: thus the fur 
ther we recede from the equinoctial, the more the 
dimenſions upon the earth diminiſh, Which ſeems 
favourable to the modern hypotheſes,” which 
we have juſt related, it is difficult to find any one 
that makes theſe differences agnce” ſufficiently” to 
FEE 
It appears however: by: the colhpiriſcns which? 
we have made, that in the ſpace between the pa- 
rallels of Amiens and Colioure, which is 75 and 
above 3, the meaſure of the degrees going toward 
the equinoctial increaſes, ſo that the following de- 
gree exceeds the preceding by its gooth part, | 
_ which in this interval varies from 70 toiſes and 2 
feet, to 72 toiſes, and 1 foot. The degree taken 
from: the obſervatory towards the north gives us 
574055 toiſes, and the degree taken from the ob- 
7 towards the ſouth gives 37, 126 toiſes f. 
By this progreſſion the magnitude of the other de- 
grees will be found till that which it continues uni- 
formly. The minute from the ier e to- 
wards the north is 951 'toifes, -5 feet 1. It is equal 
to the diſtance between the obſervatory and the 
church of S/. Severin; and may pals for the 
ſmalleſt: diameter off Paris. Toward the ſouth, 
the minute from the io ſetvVAtory is 9zr toiſes, 5 
feet, 7 inches 2, and the augmentation of 1 inch, 
2 5 in each minute amounts o 72 tolles from one 
Win another. 1 
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- We have been ſurpriſed to fee chat this augmen-, 
ration of s3oth part from one degree to another, 
at this diſtance from the poles,” agrees with the 
augmentation of the degrees of the true diſtance of 
the moon in its apogeum from the ſame degrees of 
diſtance between 40 and 48 degrees, from the 
pole on one ſide, and the apogeum of the moon 
on the other. For in this place the degrees of 
the true diftance of the moon in its. apogeum 
increaſe alſo from one to another S th part. Thus 
the perpendicular lines, which terminate the de- 
grees meaſured in the heavens, would be analogous 
to the lines of the mean longitudes of the moon, 
and the arches of the circumference of th earth 
between theſe perpendiculars would be ef the 
ſame magnitude as the arches of the ſame circum- 
ference contained between the lines correſponding 
with thoſe of the mean motion of the moon. 

If this equality, which is found in theſe 7 de- 
grees of the circumference of the earth, of which 
we have the dimenſions, is found in the whole 
circumference; it is what we dare not advance, 
tho? the moon has ſome ſhare in the eguilibrium of 
the ſea, to which it brings ſome variation evident 
in the flux and reflux regulated by its motions. Ir 
would be a fact to be verified by dimenſions of a 
greater extent, if other princes would contribute 
as much as the king to the perfection of the 


ſciences. 


